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A TUBULAR LINER 

Background of the Invention 

5 This invention relates generally to a tubular 

liner, and in particular to a tubular liner for 

wellbore casings that are formed using expandable 

tubing. 

Conventionally, when a wellbore is created, a 

10    number of casings are installed in the borehole to 

prevent collapse of the borehole wall and to prevent 

undesired outflow of drilling fluid into the formation 

or inflow of fluid from the formation into the 

borehole.    The borehole is drilled in intervals whereby 

15    a casing which is to be installed in a lower borehole 

interval is lowered through a previously installed 

casing of an upper borehole interval.    As a consequence 

of this procedure the casing of the lower interval is 

of smaller diameter than the casing of the upper 

20    interval.    Thus, the casings are in a nested 

arrangement with casing diameters decreasing in 

downward direction.    Cement annuli are provided between 

the outer surfaces of the casings and the borehole wall 

to seal the casings from the borehole wall.    As a 

25    consequence of this nested arrangement a relatively 

large borehole diameter is required at the upper part 

of the wellbore.    Such a large borehole diameter 

involves increased costs due to heavy casing handling 

equipment, large drill bits and increased volumes of 

30    drilling fluid and drill cuttings.    Moreover, increased 

drilling rig time is involved due to required cement 

pumping, cement hardening, required equipment changes 

due to large variations in hole diameters drilled in 

the course of the well, and the large volume of 

35     cuttings drilled and removed. 
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The present invention is directed to overcoming 

one or more of the limitations of the existing 

procedures for forming new sections of casing in a 
wellbore. 

5    Summary of the Invan 

According to one aspect of the present invention, 

there is provided a tubular lining comprising: a first 

tubular portion having a first inside diameter; a 

second tubular portion having a second inside diameter; 

0    an xntermediate tapered tubular portion for coupling 

the first and second tubular portions to each other- 

and one or more sealing members coupled to the exterior 

surface of at least one of the tubular portions; 

wherein the first inside diameter is greater than the 

'    flT 7^ diameter'' WhSrein at l6aSt °~ of the 
fxrst and second tubular portions define one or more 
pressure relief passages. 

According to another aspect of the present 

invention, there is provided a tubular liner 

comprising: a first tubular portion having a first 

xnsxde diameter; a second tubular portion coupled to 

the fxrst tubular portion having a second inside 

dxameter; and a third tubular portion coupled to the 

portion havin9 a third ineide 

wherexn the fxrst and third inside diameters are both 

sleoander
t?:        SeC°nd lnSide Whe-in ^e 

second tubular portion includes one or more external 

ITtlllTlTand wherein at least one °f the 

and thxrd tubular members define one or more relief 
passages. 

Brief DsscHption of ^ p '~fn 

Fig. i is a fragmentary cross-sectional view 

Fig. 2 is a fragmentary cross-sectional view 

illustrating the placement of an embodiment of an 
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apparatus for creating a casing within the new section 

of the well borehole. 

Fig. 3 is a fragmentary cross-sectional view 

illustrating the injection of a first quantity of a 

5    hardenable fluidic sealing material into the new 

section of the well borehole. 

Fig. 3a is another fragmentary cross-sectional 

view illustrating the injection of a first quantity of 

a hardenable fluidic sealing material into the new 

section of the well borehole. 

Fig. 4 is a fragmentary cross-sectional view 

illustrating the injection of a second quantity of a 

hardenable fluidic sealing material into the new 

section of the well borehole. 

Fig. 5 is a fragmentary cross-sectional view 

illustrating the drilling out of a portion of the cured 

hardenable fluidic sealing material from the new 

section of the well borehole. 

Fig.  6 is a cross-sectional view of an embodiment 

of the overlapping joint between adjacent tubular 
members. 

Fig. 7 is a fragmentary cross-sectional view of 

apparatus for creating a casing within a well borehole. 

Fig. 8 is a fragmentary cross-sectional 

25    illustration of the placement of an expanded tubular 

member within another tubular member. 

Fig. 9 is a cross-sectional illustration of a 

preferred embodiment of an apparatus for forming a 

casing including a drillable mandrel and shoe. 

Fig. 9a is another cross-sectional illustration of 
the apparatus of Fig. 9. 

Fig. 9b is another cross-sectional illustration of 
the apparatus of Fig. 9. 

Fig. 9c is another cross-sectional illustration of 
35    the apparatus of Fig. 9. 
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FIG. 10a is a cross-sectional illustration of a weilbore including a pair of 

adjacent overlapping casings. 

FIG. 10b is a cross-sectional illustration of an apparatus and method for 

creating a tie-back liner using an expandible tubular member. 

5 FIG. 10c is a cross-sectional illustration of the pumping of a fluidic sealing 

material into the annular region between the tubular member and the existing 

casing. 

FIG. lOd is a cross-sectional illustration of the pressurizing of the interior of 

the tubular member below the mandrel. 

10 FIG. lOe is a cross-sectional illustration of the extrusion of the tubular 

member off of the mandrel. 

FIG. lOfisacross-sectionalillustrationofthetie-backlinerbeforedrilling 
out the shoe and packer. 

FIG. lOg is a cross-sectional illustration of the completed tie-back liner 

15  created using an expandible tubular member. 

FIG. 1 la is a fragmentary cross-sectional view illustrating the drilling of a 

new section of a well borehole. 

FIG. 1 lb is a fragmentary cross-sectional view illustrating the placement of 

an embodiment of an apparatus for hanging a tubular liner within the new section 

20 of the well borehole. 

FIG. 11c is a fragmentary cross-sectional view illustrating the injection of a 

first quantity of a hardenable fluidic sealing material into the new section of the 

well borehole. 

FIG. 1 Id is a fragmentary cross-sectional view illustrating the introduction 

25  of a wiper dart into the new section of the well borehole. 

FIG. I le is a fragmentary cross-sectional view illustrating the injection of a 

second quantityofahardenablefluidicsealingmaterialintothenewsectionofthe 
well borehole. 

FIG. 11 f is a fragmentary cross-sectional view illustrating the completion of 

30  the tubular liner. 



Detailed Description of the Illustrative Embodiments 

An apparatus and method for forming a wellbore casing within a 

subterranean formation is provided.  The apparatus and method permits a 

wellbore casing to be formed in a subterranean formation by placing a tubular 

5  member and a mandrel in a new section of a wellbore, and then extruding the 

tubularmemberoffofthemandrelbypressurizinganinteriorportionofthe tubular 

member. The apparatus and method further permits adjacent tubular members 

in the wellbore to be joined using an overlapping joint that prevents fluid and or 

gas passage. The apparatus and method further permits a new tubular member 

10  to be supported by an existing tubular member by expanding the new tubular 

member into engagement with the existing tubular member. The apparatus and 

method further minimizes the reduction in the hole size of the wellbore casing 

necessitated by the addition of new sections of wellbore casing. 

15 tubularmemberisalsoprovided. The apparatus and method permits a tie-back 

linertobecreatedbyextrndingatubularmemberofTofamandrelbypressurizing 
and interior portion of the tubular member. In this manner, a tie-back liner is 

produced. The appa^tus and method further permits adjacent tubular members 

in the wellbore to be joined using an overlapping joint that prevents fluid and/or 

20 gaspassage. Theapparatus and method further permits a new tubular member 

to be supported by an existing tubular member by expanding the new tubular 

member into engagement with the existing tubular member. 

An apparatus and method for expanding a tubular member is also provided 
^^^^^ ^^^ (napreferred 

25 emb^entimeintenorportionsoftheapparatusiscompo 
permittheintenorpo^ 

In th,s manner, in the event of a malfunction in a downhole region, the apparatus 

may be easily removed. 

An apparatus and method fo, naming an expandable tubular line, in a 

wellboreisafeoprnvided. The apparatus and method pern* a tubular liner ,o be 

attached toan existing section ol casing. The apparatus and method lurther have 

application to the joining of tubular members in general. 



Ref rringinititdlytoflge. 1-6, an embodiment of anapparatus and method 

for forming a wellbore casing within \ eubterraneen formation will now be 

described. Aa illustrated in Kg. 1, a w llbore 100 ia positioned in a subterranean 

formation 105. The wellbore 100 includes an existing cased section 110 having a 

6 tubular casing 115 and an annular outer layer of cement 120. 

In order to extend the wellbore 100 into the subtemmean formation 105 

a dnll string 125 is used in . well known manner to drill out material from the' 

subterranean formation 105 to form a new section 130. 

Aa illustrated in Kg. 2, an apparatus 260 for forming a wellbore casing in 

10 a subterranean formation is then positioned m Ure uewaection 130 of the wellbore 

100. The apparatus 200 preferably includes an expmrdable mandrel or pig 205 a 

tabulm- member 210, a ahoe 215, a mwer cup eeal 220, an upper cup seal 225,' a 

flutd passage 230, a fluid passage 236, a fluid passage 240, aeala 245, and.support 
member 250. 

15 The expandable mmrdrel 205 is coupled to snd supported by the support 

■nemher250. Theexpandsmandrm205ispreferab*adapt*.tocontrollably 

expand ma redirection. The expandable mandrel 205 may comprise any 

number of conventional "mrneroiallyavaJWleexpsudabtonumdrelsmodffledin 

dtT!T^rr
Me™tem^IZ06«^-»'-«expmsiontoo.aa 

disclosed m U.S. Patent No. 5,348.095, the contents of which are incorporated 

heremby reference, modified in accordance with the .earnings of the present 

25 ^ . ^T"'^210"SUP^byto^'bbte»'»»^'2»5. The 
25 ^member 210 is expanded in the radial direction and extruded 

expand* , mandrel 205. The tubular member 210 may be fabric^ ta my 

number of conventional commercially avail*!, meter*, such aa, for exemple 

OUfield CWry Tabular Goods (OCTO), 13 chromium steel tubintfcasing o 

30 febncated from OCTG in order to maximise strength after expense Theinner 

and outer dtameters of th. tubujar member 210 may range, for example, from ■ 

approximately 1.905 to 119.38 cms (0.75 to 47 inches) sad 2.667 to 121.92 cms 

(1.05 to 48 inches), respecdvely In a preferred 



embodiment, the inner and outer diameters of the tubular member 210 range from 

about 3 to 15.5 inches and 3.5 to 16 inches, respectively in order to optimally 

provide minimal telescoping effect in the most commonly drilled wellbore sizes. 

The tubular member 210 preferably comprises a solid member. 

5 In a preferred embodiment, the end portion 260 of the tubular member 210 

is slotted, perforated, or otherwise modified to catch or slow down the mandrel 

205 when it completes the extrusion of tubular member 210. In a preferred 

embodiment, the length of the tubular member 210 is limited to minimize the 

possibility of buckling. For typical tubular member 210 materials, the length of the 

10 tubular member 210 is preferably limited to between about 12.192 to 6,096m (40 

to 20,000 feet) in length. 

The shoe 215 is coupled to the expandable mandrel 205 and the tubular 

member 210. The shoe 215 includes fluid passage 240. The shoe 215 may 

comprise any number of conventional commercially available shoes such as, for 

15 example, Super Seal II float shoe, SuperSeal II Down-Jet float shoe or a guide shoe 

with a sealing sleeve for a latch down plug modified in accordance with the 

teachings of the present disclosure. In a preferred embodiment, the shoe 215 

comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch- 

down plug available from Halliburton Energy Services in Dallas, TX, modified in 

20 accordance with the teachings of the present disclosure, in order to optimally 

guide the tubularmember 210 in the wellbore, optimally provide an adequate seal 

between the interior and exterior diameters of the overlapping joint between the 

tubular members, and to optimally allow the complete drill out of the shoe and 

plug after the completion of the cementing and expansion operations. 

25 In a preferred embodiment, the shoe 215 includes one ormore through and 

side outlet ports in fluidic communication with the fluid passage 240. In this 

manner, the shoe 215 optimally injects hardenable fluidic sealing material into the 

regionoutsidetheshoe215andtubularmember210. In a preferred embodiment, 

the shoe 215 includes the fluid passage 240 having an inlet geometry that can 

30 receive a dart and/or a ball sealing member. In this manner, the fluid passage 240 

can be optimally sealed off by introducing a plug, dart and/or ball sealing elements 

Into the fluid passage 230. 



The lower cup seal 220 is coupled to and supported by the support member 

250. The lower cup seal 220 prevents foreign materials from entering the interior 

region of the tubular memb r 210 adjacent to the expandable mandrel 205. The 

lower cup seal 220 may comprise any number of conventional commerciaUy 

5 available cup seals such as, for example, TP cups, or Selective Injection Packer 

(SIP) cups modified in accordance with the teachings of the present disclosure. In 

a preferred embodiment, the lower cup seal220 comprises a SIP cup seal, available 

from Halliburton Energy Services in Dallas, TX in order to optimally block foreign 

material and contain a body of lubricant. 

10 The upper cup seal 225 is coupled to and supported by the support member 

250. The upper cup seal 225 prevents foreign materials from entering the interior 

region of the tubular member 210. The upper cup seal 225 may comprise any 

number of conventional commerciaUy available cup seals such as, for example TP 

cups or SIP cups modified in accordance with toe teachings of the present 

15 disclosure. In a preferred embodiment, the upper cup seal 225 comprises a SIP 

nxp,availablen^mHalUburtonEnergySemcesm TX in order to optimally 

block the entry of foreign materials and contain a body of lubricant. 

The fluid passage 230 permits fluidic materials to be transported to and 

from the interior region of the tubular member 210 below the expandable mandrel 

20 205. The fluid passage 230 is coupled to and positioned within the support 

member25Oandtheexpandablemandrel205. The fluid passage 230 preferably 

extends from a position adjacent to the surface to the bottom of the expandable 

mandrel205. Thefluidpassage230ispreferablypositionedalongacenterlineof 
the apparatus 200. 

20 The fluid passage 230 is preferably selected, in the casing running mode of operation, to 

transport materials such as drilling mud or formation fluids at flow rates and pressures ranging 

from about 0 to 11356.2355 litres/minute (0 to 3,000 gallons/minute) and 0 to 620.52813 bar (0 

to 9,000 psi) in order to mmimize drag on the tubular member being run and to minimize surge 

pressures exerted on the wellbore which could cause a loss of wellbore fluids and lead to hole 
collapse. 

ThefluidpaSsafe235pe™tsfluidicmi>teriaIstobereleaaedfr„mthenuid 

passage 230. In this m«e,, durin* placement of the apparatus 200 within the 



( ,ew section 130 of the weUbore 100, fluidic material 265 "forced up the fluid 

passage 230 can be released into the weUbore 100 above the tubular member 210 

~        therebymimmizingsurgepre^^ The fluid passage 

235 is coupled to and positioned within the support member 250. The fluid 

5 passage is further fluididy coupled to the fluid passage 230. 

The fluid passage 235 preferably includes a control valve for controllably 

opening and dosiiigthefluid passage235. ^ 

valve is pressure activated in order to controllably minimize surge pressures. The 

fluid paSSage235ispreferablypoaitionedsubstantuulyorthogonalto^ 
10 of the apparatus 200. 

The fluid passage 235 is preferably selected to convey fluidic materials at flow 

rates and pressures ranging from about 0 to 11356.2355 Utres/minute (0 to 3,000 

gaUons/minute) and 0 to 620.52813 bar (0 to 9,000 psi) in order to reduce the drag on the 

apparatus 200 during insertion into the new section 130 of the weUbore 100 and to 

15 nunimize surge pressures on the new weUbore section 130. 

The fluid passage 240 permits fluidic materials to be transported to and 

from the region exterior to the tubular member 210 and shoe 215. The fluid 

passage 240 is coupled to and positioned within the shoe 215 in fluidic 

communication with the interior region of the tubular member 210 below the 

20 expandable mandrel 205. The fluid passage 240 preferably has a cross-sectional 

shape that permits a plug, or other similar device, to be placed in fluid passage 240 

to thereby block further passage of fluidic materials. In this manner, the interior 

region of the tubular member 210 below the expandable mandrel 206 can be 

fluididy isolated from the region exterior to the tubular member 210. This permits 

25 the interior region of the tubular member 210 below the expandable mandrel 205 

to be pressurized. The fluid passage 240 is preferably positioned substantially 

along the centerline of the apparatus 200. 

The fluid passage 240 is preferably selected to convey materials such as 

cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 to 

30   11356.2355 htres/minute (0 to 3,000 gaUons/minute) and 0 to 620.52813 bar (0 to 9,000 

 P$i) fa order to °&*rty fi» *e annular region between the tubular member 210 ana the 

_ DCW section 130 of to we«°ore 100 with fluidic materials. In apreferred embodiment, 
the fluid passage 240 



includes an inlet geometry that can receive a dart and/or a bau'sealing member. 

In this manner, the fluid passage 240 can be sealed off by introducing a plug, dart 

and/or ball sealing elements into the fluid passage 230. 

The seals 245 are coupled to and supported by an end portion 260 of the 

5 tubularmember210. The seals 245 are further positioned on an outer surface 265 

of the end portion 260 of the tubular member 210. The seals 245 permit the 

overlapping joint between the end portion 270 of the casing 115 and the portion 

260 of the tubular member 210 to be fluidicly sealed. The seals 245 may comprise 

any number of conventional commercially available seals such as, for example 

10 lead, rubber, Teflon™, or epoxy seals modified in accordance with the teachings of 

the present disclosure. In a preferred embodiment, the seals 245 are molded from 

Stratalock epoxy available from Halliburton Energy Services in Dallas, TX in order 

to optimally provide a load bearing interference fit between the end 260 of the 

tubular member 210 and the end 270 of the existing casing 115. 

15 In a preferred embodiment, the seals 245 are selected to optimally provide 

a sufficient frictional force to support the expanded tubular member 210 from the 

existing casing 115. In a preferred embodiment, the frictional force optimally 

proved by the seals 245 ranges from about 68.94757 to 68,947.57 bar (1,000 to 

1,000,000 Ibf) in order to optimally support the expanded tubular member 210. 

20 ™e™PP°rtmember250iscoupledtothee^ 

member 210, shoe 215, and seals 220 and 225.  The support member 250 

preferably comprises an annular member having sufficient strength to carry ttie 

apparatus 200 into the new section 130 of fce wellbore 100. In a preferred 

embodiment, the support member 260 further includes one or more conventional 

25 centralizers (not illustrated) to help stabilize the apparatus 200. 

In a preferred embodiment, a quantity of lubricant 275 is provided in the 

annular region above the expandable mandrel 205 within the interior of toe 

tubular member210. In this manner, the extrusion of the tubular member210off 

oftheexpandablemandrel205isfacilitated. The lubricant 275 may comprise any 

uumber of conventional commercially available lubricants such as, for example, 

Lubnplate™, chlorine based lubricants, oil based lubricants or Climax 1500 Antisieze 

(3100). In a preferred embodiment, the lubricant 275 comprises Climax 1500 

IO 
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( jitisi ze (3100) available fft>m Climax ^ 

TX in order to optimally provide optimum lubrication to faciliate the expansion 

process. 

In a preferred embodiment, the support member 250 is thoroughly cleaned 

5 prior to assembly to the remaining portions of the apparatus 200. In this manner, 

the introduction of foreign material into the apparatus 200 is minimized. This 

minimizes the possibility of foreign material clogging the various flow passages and 

valves of the apparatus 200. 

In a preferred embodiment, before or after positioning the apparatus 200 

10 within the new section 130 of the wellbore 100, a couple of weUbore volumes are 

circulated in order to ensure that no foreign materials are located within the 

wellbore 100 that might clog up the various flow passages and valves of the 

apparatus200 and to ensure that no foreign material interferes with the expansion 

process. 

15 As illustrated in Pig. 3, the fluid passage 235 is then closed and a hardenable 

fluidic sealing material 305 is then pumped from a surface location into the fluid 

passage 230. The material 305 then passes from the fluid passage 230 into the 

interior region 310 of the tubular member 210 below the expandable mandrel 205. 

The material 305 then passes from the interior region 310 into the fluid passage 

20 240. The material 305 then exits the apparatus 200 and fills the annular region 

315 between the exterior of the tubular member 210 and the interior wall of the 

new section 130 of the wellbore 100. Continued pumping of the material 305 

causes the material 305 to fill up at least a portion of the annular region 315. 

The material 305 is preferably pumped into the annular region 315 at pressures 

25  and flow rates ranging, for example, from about 0 to 344.73785 bar (0 to 5000 psi) and 0 

to 5,678.1177 litres/minute (0 to 1,500 gallons/min), respectively. The optimum flow 

rate and operating pressures vary as a function of the casing and wellbore sizes, wellbore 

section length, available pumping equipment, and fluid properties of the fluidic material 

being pumped. The optimum flow rate and operating pressure are preferably determined 

using conventional empirical methods. 
30 The hardenable fluidic sealing material 305 may comprise any number of 

conventional commercially available hardenable fluidic sealing materials such as, 



for example, slag mix, cement or epoxy. In a preferred embodiment, the 

hardenable fluid* sealing material 305 comprises a blended cement prepared 

specifically for the particular well section being drilled from Halliburton Energy 

Services in Dallas, TX in order to provide optimal support for tubular member 210 

5 while also maintaining optimum flow characteristics so as to minimize difficulties 

during the displacement of cement in the annular region 315. The optimum blend 

of the blended cement is preferably determined using conventional empirical 

methods. 

The annular region 315 preferably is filled with the material 305 insufficient 

10 quantities to ensure that, upon radial expansion of the tubular member 210, the 

annular region 315 of the new section 130 of the wellbore 100 will be filled with 

material 305. 

In a particularly preferred embodiment, as illustrated in Fig. 3a, the wall 

thickness and/or the outer diameter of the tubular member 210 is reduced in the 

15 region adjacent to the mandrel 205 in order optimally permit placement of the 

apparatus 200 in positions in the wellbore with tight clearances. Furthermore, in 

this manner, the initiation of the radial expansion of the tubular member 210 

during the extrusion process is optimally facilitated. 

As illustrated in Fig. 4, once the annular region 315 has been adequately 

20  filled with material 305, a plug 405, or other similar device, is introduced into the 

fluid passage 240 therebyfluidicly isolating the interiorregion 310 from the annular 

region 315. In a preferred embodiment, a non-hardenable fluidic material 306 is 

then pumped into the interior region 310 causing the interior region to pressurize. 

In this manner, the interior of the expanded tubular member 210 will not contain 

25 significant amounts ofcured material 305. This reduces and simplifies the cost of 

the entire process. Alternatively, the material 305 may be used during this phase 

of the process. 

Once the interior region 310 becomes sufficiently pressurized, the tubular 

member 210 is extruded off of the expandable mandrel 205. During the extrusion 

30  process, the expandable mandrel 205 may be raised out of the expanded portion 

of the tubular member 210. In a preferred embodiment, during the extrusion 

process, the mandrel 205 is raised at approximately the same rate as the tubular 

11 



member 210 is expanded in order to keep th tubular member 210 stationary 

relative to the new wellbore section i30. In an alternative preferred embodiment, 

theextr^onprocessisconmienced^^ 

the bottom of the new wellbore section 130, keeping the mandrel 205 stationary 

5 and allowing the tubular member 210 to extrude off of the mandrel 205 and fall 

down the new wellbore section 130 under the force of gravity. 

The Plug405 ispreferably placed into the fluid passage 240 by introducing 

the plug 405 into the fluid passage 230 at a surface location in a conventional 

manner. The plug 405 preferably acts to fluidicly isolate the hardenable fluidic 

10 sealing material 305 from the non hardenable fluidic material 306. 

The plug 405 may comprise any number of conventional commercially 

avaolabledevicesftwplu^ 

Cementer (MSG) latch-down plug, Omega Jatch-down plug or thrse-wiper latch- 

downplugmodmedma^rd^^ fa 

15 a preferred embodiment, the plug405 comprises a MSG latch-down plugavailable 

from Halliburton Energy Services in Dallas, TX. 

After placement of the plug 405 in the fluid passage 240, a non hardenable 

- flmd,cmaterial306isprefe^ 

and flow rates ranging for examni*. fr««,o , 

dm™™- a. ,     1514I'M73"^n^«e(30to4,0()06aUonsfain). In 

thetubularmember210isminimued In.Dref«,^—i~r    . » "»°™">o°r 
phut 405 in th. n„.v.       u"uml"a- m » Preferred embodiment, after placement of the 

mtTml • " °°°«■ >*» Pumped 

In a preferred embodiment, the apparatue 200 is adapted to minimise 

tenade, burst, and friction effects upon the tubular member 210 during the 

™>n p„cese. These effects win be depend upon the geometry of the 

espanaton mandrel 205, the inner diameter of the tubular member 210, the wall 

^"^^^^•^^^cent.mmth.yi.ldatrengft 

_ofthetabularmember210.Ingeneral.tl«tbJclerthe^tmclm^,theen1aller 

IS 



f -he inner diameter, and tie greater the yield strength of the 'tubuiar member 210 

then the greater the operating pressures required to extxud the tubular member' 

210 offofthe mandrel 205. 

For typical tubular members 210, the extrusion of the tubular member 210 

5 off of the expandable mandrel will begin when the pressure of the interior region 

310 reaches, for example, approximately 34.472 to 620.528 bar (500 to 9,000 psi). 

During the extrusion process, the expandable mandrel 205 may be raised 

out of the expanded portion of the tubular member 210 at rates ranging for 

example,fromabout0to5fVsec. In a prefer^ embodiment, during the extrusion 

10 process, the expandable mandrel 205 is raised out of the expanded portion of the 

tubular member 210 at rates ranging from about 0 to 0.6096 m/s (0 to 2 ft/sec) in order to 

muunuze the time required for the expansion process while also permitting easy control 
of the expansion process. 

Whe„theendportion260ofthetubularmenlber210is«trUd«ioff0fthe 
15 e=*andable amdnl 205> a,        ^ 26g of     ^ ^      ^ ^ 

tubular member 210 will preferably contact the interior surface 410 of the end 

portiun270 of thecasmgllS to fcnnan fluid tight o^Iappingjomt Thecontact 

pressure .f the overtappfoj jofo, may range, for sample, from aj^rotltaately J.447379 to 

U78.95U t»r (50 to 20,000 psi).  fo , ^fe^, tnAoiimaSi ^ CMa rf ae 

20 ovrrl.ppmgj.fo, ^ ^ „smm ^ ^ (<J( ^ ^ ^ ^ 

order to provide optimum pressum to ecowe the mmuim s^fo, membem 245 «» op^,],, 

provide restmmce to a»fol motioo to commodate typical focjfc ^ compressive to* 

^"^W^omtbetweMthe,^ 

25 andfltnAcseal In a partly preferredembodiment,theeealuagmenCL 
optanafly provide „ fluidic ^ ^ ^ fc ^ overbpping ^ 

lnap^err^.mbod^ntia,^M^preS^endflowretoofthenon 

30 7     ! 4,18 e°dP°rti'm 260 °f ^ -W—*- ™. In this 

IT     .       teleMe °f PreSSUre       ' * ^ «*— of the 
tubular member 210 off of the expanded mandrel 205 can be minimized In a 



preferred embodiment, the operating pressure is reduced in' a substantially linear 

fashion from 100% to about 10% during the end of the extrusion process beginning 

when the mandrel 205 is within about 1.524 m (5 feet) from completion of the extrusion * 

process. 

5 ^te^tive^orm<»mbmation,a^ 

member250 in order to absorb the shock^ed^the'sudden release of pressure. 

The shock absorber may comprise, for example, any conventional commercially 

available shock absorber adapted for use in wellbore operations. 

Alternatively, or in combination, a mandrel catching structure is provided 

10 in the end portion 260 of the tubular member 210 in order to catch or at least 

decelerate the mandrel 205. 

Once the extrusion process is completed, the expandable mandrel 205 is 

removed from the wellbore 100. In a preferred embodiment, either before or after 

the removal of the expandable mandrel 205, the integrity of the fluidic seal of the 

15 overlapping joint between the upper portion 260 of the tubular member 210 and 

the lower portion 270 of the casing 115 is tested using conventional methods. 

If the fluidic seal of the overlapping joint between the upper portion 260 of 

thetubularmen*er210andthelow^ 

th^nanyuncuredportionofthematerial305withmtheexpan 

20 2l°*thenremovedmaconvention^ 

uncured material out of the interior of the expanded tubular member 210 The 

mandrel 205 is then pulled out of the wellbore section 130 and a drill bit or mill is 

used m combination with a conventional drilling assembly 505 to drill out any 

^enedmaterial305withmthetubularmember210. The material 305 within 
25 the annular region 315 is then allowed to cure. 

AsiUustratedinRg. S.preferably any remaining cured material 305 within 

the interior of the expanded tubular member 210 is then removed in a 

conventional manner using a conventional drill string 505. The resulting new 

section of casing 510 includes the expanded tubular member 210 and an outer 

30 annular layer515of cured material 305. The bottom portion ofthe apparatus 200 

comprising the shoe 215 and dart 406 may then be removed by drilling out the 

- 8hoe 215 811(1 ^ 405 using conventional drilling methods. 

I* 



In a preferred embodiment, as illustrated in Fig. 6, the upper portion 260 of 

the tubular member 210 includes one or more sealing members 605 and one or 

more pressure relief holes 610. In this manner, the overlapping joint between the 

lower portion 270 of the casing 115 and the upper portion 260 of the tubular 

5 member210 is pressure-tight and the pressure on the interiorand exterior surfaces 

of the tubular member 210 is equalized during the extrusion process. 

In a preferred embodiment, the sealing members 605 are seated within 

recesses 615 formed in the outer surface 265 of the upper portion 260 of the tubular 

member210. Inanaltemativepreferred embodiment, the sealing members 605are 

10 bonded or molded onto the outer surface 265 of the upper portion 260of the tubular 

member210. The pressure relief holes 610are preferably positioned in the last few 

feet of the tubular member 210. The pressure relief holes reduce the operating 

pressures required to expand the upper portion 260 of the tubular member 210. 

This reduction in required operating pressure in turn reduces the velocity of the 

15 mandrel 205 upon the completion of the extrusion process. This reduction in 

velocity in turn minimizes the mechanical shock to the entire apparatus 200 upon 

the completion of the extrusion process. 

Referring nowto Fig. 7, apparatus 700 for forming a casing within a wellbore 

preferably includes an expandable mandrel or pig 705, an expandable mandrel or 

20 pig container 710, a tubularmember 715, a float shoe 720, a lower cup seal 725, an 

upper cup seal 730, a fluid passage 735, a fluid passage 740, a support member 745, 

a body of lubricant 750, an overshot connection 755, another support member 760,' 

and a stabilizer 765. 

The expandable mandrel 705 is coupled to and supported by the support 

25 member 745. The expandable mandrel 705 is further coupled to the expandable 

mandrel container 710. The expandable mandrel 705 is preferably adapted to 

controllably expand in a radial direction. The expandable mandrel 705 may 

comprise any number of conventional commercially available expandable 

mandrels modified in accordance with the teachings of the present disclosure. The 

30 expandable mandrel 705 preferably comprises a hydraulic expansion tool 

substantially as disclosed in U.S. Pat. No. 5,348,095, the contents of 



which are incorporated herein by reference, modified in accordance with the 

teachings of the present disclosure. 

The expandable mandrel container 710 is coupled to and supported by the 

support member 745. The expandable mandrel container 710 is further coupled to 

5 the expandable mandrel 705. The expandable mandrel container 710 may be 

constructed from any number of conventional commercially available materials 

such as, for example, Oilfield Country Tubular Goods, stainless steel, titanium or 

highstre.igmsteels.Theexpan^ 

materialhavmgagreaterstrengm^^ 

10 715isfabricated. Inthismanner, the container 710 can be fabricated from a tubular 

materialhavingathinnerwall thickness than the tubular member 210. This permits 

the container 710 to pass through tight clearances thereby facilitating its placement 

within the wellbore. 

Once the expansion process begins, and the thicker, lower strength material 

15 of the tubular member 715 is expanded, the outside diameter of the tubular 

member 715 is greater than the outside diameter of the container 710. 

The tubular member 715 is coupled to and supported by the expandable 

mandrel 705. The tubular member 715 is preferably expanded in the radial 

directionandextrudedoffofthe expandable mandrel 705 substantiallyas described 

20 above withreference to Figs. 1-6. The tubular member 715 may be fabricated from 

any number of materials such as, for example, Oilfield Country Tubular Goods 

(OCTG), automotive grade steel or plastics. The tubular member 715 may be 

fabricated from OCTG. 

Thetubularmember715preferablyhaSasubstantiaIIyannularcross-section 

25 The tubular member 715 more preferably has asubstantially circularannularcmss- 
sectioa 

The tubular member 715 preferably includes an upper section 805, an 

-ntermediate section 810, and a lower section 815. The upper section 805 of the 

tubular member 715 preferably is defined by the region beginning in the vicinity of 

30 the mandrel container 710 and ending with the top section 820 of the tubular 

member 715. The intermediate section 81 Oof the tubular member 715 is preferably 

n 



defined by the region beginning in the vicinity of the top of the mandrel container 

710and ending with the region in the vicinity of the mandrel 705. The lower section 

of the tubular member 715 is preferably defined by the region beginning in the 

vicinity of the mandrel 705 and ending at the bottom 825 of the tubular member 715. 

5 The wall thickness of the upper section 805 of the tubular member 715 is 

greater than the wall thicknesses of the intermediate and lower sections 810 and 

815 of the tubular member 715 in order to optimally faciliate the initiation of the 

extrusion process and optimally permit the apparatus 700 to be positioned in 

locations in the weUbore having tight clearances. 

10 The outer diameter and wall thickness of the upper section 805 of the tubular 

member 715 may range, for example, from about 2.667 to 121.92 cms (1.05 to 48 

inches) and 0.3175 to 5.08 cms (1/8 to 2 inches), respectively. The outer diameter 

and wall thickness of the upper section 805 of the tubular member 715 may range 

from about 8.89 to 40.64 cms (3.5 to 16 inches) and 0.375 to 3.81 cms (3/8 to 1.5 

15 inches), respectively. 

The outer diameter and wall thickness of the intermediate section 810 of the 

tubular member 715 may range, for example, from about 6.35 to 127 cms (2.5 to 50 

inches) and 0.15875 to 3.81 cms (1/16 to 1.5 inches), respectively. The outer 

diameter and wall thickness of the intermediate section 810 of the tubular member 

20 715 may range from about 8.89 to 48.26 cms (3.5 to 19 inches) and 0.3175 to 3.175 

cms (1/8 to 1.25 inches), respectively. 

The outer diameter and wall thickness of the lower section 815 of the tubular 

member 715 may range, for example, from about 6.35 to 127 cms (2.5 to 50 inches) and 

0.15875 to 3.175 cms (1/16 to 1.25 Inches), respectively. The outer diameter and wall 

25 thickness of the lower section 810 of the tubular member 715 may range from about 3.5 to 

19inchesand 1/8 to 1.25 inches, respectively. The wall thickness of the lower section 815 

of the tubular member 715 may be further increased to increase the strength of the shoe 

720 when drillable materials such as, for example, aluminum are used. 

The tubular member 715 preferably comprises a solid tubular member. The 

30 end portion 820 of the tubular member 715 may be slotted, perforated, or otherwise 

modified to catch or slow down the mandrel 705 when it completes the extrusion 

of tubular member 715. The length of the tubular member 715 may be limited 



to minimize the possibility of buckling. For typical tubular member 715 materials, 

the length of the tubular member 715 is preferably limited to between about 12.192 

to 6,096 cms (40 to 20,000 feet) in length. 

The shoe 720 is coupled to the expandable mandrel 705 and the tubular member 

5 715. The shoe 720 includes the fluid passage 740. The shoe 720 may further include an 

inlet passage 830, and one or more jet ports 835. The cross-sectional shape of the inlet 

passage 830 is preferably adapted to receive a latch-down dart, or other similar elements, 

for blocking the inlet passage 830. The interior of the shoe 720 preferably includes a body 

of solid material 840 for increasing the strength ofthe shoe 720. The body of solid material 

10 840 may comprise aluminum. 

The shoe 720 may comprise any number of conventional commercially 

available shoes such as, for example, Super Seal II Down-Jet float shoe, or guide 

shoe with a sealing sleeve for a latch down plug modified in accordance with the 

teachings of the present disclosure. The shoe 720 preferably comprises an 

15 aluminum down-jet guide shoe with a sealing sleeve for a latch-down plug available 

from Halliburton Energy Services in Dallas, TX, modified in accordance with the 

teachings of the present disclosure, in order to optimize guiding the tubular 

member 715 in the wellbore, optimize the seal between the tubular member 715 

and an existing wellbore casing, and to optimally faciliate the removal of the shoe 

20 720 by drilling it out after completion of the extrusion process. 

The lower cup seal 725 is coupled to and supported by the support member 

745. The lower cup seal 725 prevents foreign materials from entering the interior 

region of the tubular member 715 above the expandable mandrel 705. The lower 

cup seal 725 may comprise any number of conventional commercially available cup 

25 seals such as, for example, TP cups or Selective Injection Packer (SIP) cups 

modified in accordance with the teachings of the present disclosure. The lower 

cup seal 725 may comprise a SIP cup, available from Halliburton Energy Services 

in Dallas, TX in order to optimally provide a debris barrier and hold a body of 

lubricant. 

30 The upper cup seal 730 is coupled to and supported by the support member 

760. The upper cup seal 730 prevents foreign materials from entering the interior 

region of the tubular member 715. The upper cup seal 730 may comprise any 



nUmberofco„ventlona.commercialiyavaiteblecupsealssuchas,forexamp1e-n. 
cups or Sefecuve ln,eCon Packer (SIP) cup modified in accordance wiU, 'the 

teachings of .he present disclosure. The upper cup seai 730 may comprise a SIP 

cup avadable from Hailiburion Ene,* Services in Daflas, TX in order ,„ opUmafly 

5 P«"i<ieadebrisban1erandcontainabodyoflubricant. 

™efluWP^e«5pem^unuidicmaterialstobetra„sported.oandfrom 
toe m,e„or region of >he hrbuiarmember r>5 beiow me expandabie mandre, 70S 

^enmdpassage735fe(hridiclycoupled,omenuidpassage740.11,eflu1dpassage 
735 B Preferablv Coup,ed ,o and posiuoned wimin me support member 760, the 

10 ^member745, me mandre, confer 7,0, and me expandabie mandre, 705 

^^^pre^extend1mOT.PosWOTadMcewtolhesllrfac.,o 
bouom „, me expandabte mand*. 705. We fluid passage 735 is preferab* 

posKoned along a centeriine of the apparams 700. The fluid passage 735 is 

« se.ec.ed to Uansport ma.eriaU such as cemem, dri,,ing mud or epoxies 

40,03 OOOgaUons.ninu.ejand 34.473.0620.528,3 bar (500 .o 9,000 psi) in order 

«o prov.de sufficien. opemflng press.ues ,o exu.de me tubufcr member 7,5 on of 

the expandable mandrel 705. 

20 a»„   T drribed ^ "* '° ngS      **■ I*—* of me 
20 appanriua 700 wimh, a new section of a weflbore. flu,dic materia* forced up ,he 

nu,dpassage735canber*asedira„a«vve«boreaboveune,ububrmember7,5 
The appals m ^ ^ , ^ ^ ^ ^ ^ 

and postooned within me support member 260. The pmssure release passage is 

^er^coup.ed.0 me Md passage 735. The pressure re^™ 

ZTT*' " ^"*- nosing me 
P-sage. We conuo, va*e may be preSsure activated in order „ control^ 

Tte™ ■*■« P-«eispre,erab>posiuoned 
ubsfcouagy orthogona. ,o me cen,eriine o, me appals 700. The pressUre 

30 teconveyma.eriaUsuch ascement.drgUng 
30 mud or epox.es a, flow rates and pressures ranging from ^ 0 lQ |8927^ 

uU-es/mmute (0 io 500 gaflons/minute) and 0 «o 68.94757 bar (0 ,o , 000 

a© 



P«) in order to reduce the drag on die apparatus 700 during insertion into a new 

secuonofawellboreandtonnirtmizesunjepressu.es onthenewwellboresecdon 
The fluid passage 740 pennits fluidlc mortals to be lo „,„ ^ 

■eg.onex^ortod.etububrmemberm. 1h« fluid pass w7«lspreferaNy |0 

5 ^^^".heshoe™^ 

«.bul»rmemb«r715b«1owlhe«^d^l,ma„d^705.Th.fl1ddPasM,e740preferab1y 

*.830„rd,,fluldPassaSe740tothe^blMkflaft,,pas^eofMc^s ,„ 

10 ^™^»P^«uidldy^^the^^totawl)(ilarnieniber 

^~~°^no.thetubu^ 

HBtobepressuriaed.       The  fluid passage 740 is preferably positioned 
subsanuaflyajong.ne^,,^,^^^^ 

prefe^se.eaedtoc.nveyma.eriaissuchascement.drilflngmudorepordesa. 

flowm.esandpressunsrang.ngfmmaboutO.o, 1356.2355HtreVminute (0 to 3,000 

gaflons/minute) ami 0 to 620.52813 ba, (0 to 9,000 psi) in order to optimafly All an 

w«h fluKflc materials. The fluid passage 740 may inciude an inte, passage 830 

^ageon.tryu^tcanmc.^adarta^orabai.seaii^n.ember. Inmis 

manner, the fluid passage 240 can be seated off by intmducing a p,ug, dart and/o, 

ball sealing elements into the fluid passage 230. 

Theapparab,s700may*1rtherl„c.udeoneormoreseals84Scoupledtoand 
supported by the end portion 820 of .he lunula, member 7.5. The seals 845 am 

hmJM^Wonedonanou,ersurfaceofmeendpomo„820ofmeftJbutermember 
7.5. The seals 845 perm., the overiappmg join, behveen an end portion of 

pmex«U^cas^andmeendpomon820ofu1e.ubub,member7.5,obefluidfcly 
seated The sea* 845 may comprise any number of convendonai commerce 

avai.abteseabsuchas.forexamp.e.tead.mbber.Teflonrorepo^seabmodlfled 
m accordance with me teachings of the present disclosure. The sea* 845 may 

30 compnse seals molded from SbauUck epoxy available from Hafliburton Energy 

Se^ces in Daflas, TX .n order to optima.* pmv.de a hy.bau.ic sea. and a load 
bearing 
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interference fit in the overlapping joint between the tubular member 715 and an 

existing casing with optimal load bearing capacity to support the tubular member 

715. 

The seals 845 may be selected to provide a sufficient frictional force to 

5 support the expanded tubular member 715 from the existing casing. The frictional 

force provided by the seals 845 may range from about 68.94757 to 68,947.57 bar 

(1,000 to 1,000,000Ibf) in order to optimally support the expanded tubular member 

715. 

The support member 745 is preferably coupled to the expandable mandrel 

10 705 and the overshot connection 755. The support member 745 preferably 

comprises an annular member having sufficient strength to cany the apparatus 700 

into a new section of a wellbore. The support member 745 may comprise any 

number of conventional commercially available support members such as, for 

example, steel drill pipe, coiled tubing or other high strength tubular modified in 

15 accordance with the teachings of the present disclosure. The support member 745 

may comprise conventional drill pipe available from various steel mills in the United 

States. 

A body of lubricant 750 may be provided in the annular region above the 

expandable mandrel container 710 within the interior of the tubular member 715. 

20 In this manner, the extrusion of the tubular member 715 off of the expandable 

mandrel 705 is facilitated. The lubricant 705 may comprise any number of 

conventional commercially available lubricants such as, for example, Lubriplate, 

chlorine based lubricants, oil based lubricants, or Climax 1500Antisieze (3100). The 

lubricant 750 preferably comprises Climax 1500 Antisieze (3100) available from 

25 Halliburton Eneigy Services in Houston, TX in order to optimally provide lubrication 

to faciliate the extrusion process. 

The overshot connection 755 is coupled to the support member 745 and the 

support member 760. The overshot connection 755 preferably permits the support 

member 745 to be removably coupled to the support member 760. The overshot 

30 connection 755 may comprise any number of conventional commercially available 

22 
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overshot connections such as, for example, Innerstring Sealing Adapter, Innerstring 

Flat-Face Sealing Adapter or EZ Drill Setting Tool Stinger. The overshot connection 

755 may comprise a Innerstring Adapter with an Upper Guide available from 

Halliburton Energy Services in Dallas, TX. 

5        The support member 760 is preferably coupled to the overshot connection 

755 and a surface support structure (not illustrated). The support member 760 

preferably comprises an annular member having sufficient strength to carry the 

apparatus 700 into a new section of a wellbore. The support member 760 may 

comprise any number of conventional commercially available support members 

10 such as, for example, steel drill pipe, coiled tubing or other high strength tubulars 

modified in accordance with the teachings of the present disclosure. The support 

member 760 may comprise a conventional drillpipe available fromsteel mills in the 

United States. 

The stabilizer 765 is preferably coupled to the support member 760. The 

15 stabilizer 765 also preferably stabtiizes the components of the apparatus 700 within 

the tubular member 715. The stabilizer 765 preferably comprises a spherical 

member having an outside diameter that is about 80 to 99% of the interior diameter 

of the tubular member 715 in order to optimally minimize buckling of the tubular 

member 715. The stabilizer 765 may comprise any number of conventional 

20 ^mmerciallyavailablestabiIizerssuchas,forexample,EZDrillSta^ 

shoes or drag blocks modified in accordance with the teachings of the present 

disclosure. The stabilizer765 may comprise a sealing adapter upper guide available 
from Halliburton Energy Services in Dallas, TX. 

The support members 745 and 760 may be thoroughly cleaned prior to 

25 assembly to the remaining portions of the apparatus 700. In this manner, the 

introduction of foreign material into the apparatus 700 is minimized. This 

minimizes the possibilityofforeign material clogging the various flow passages and 

valves of the apparatus 700. 

Before or after positioning the apparatus 700 within a new section of a 

30 wellbore, a couple of wellbore volumes are circulated 
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through the various flow passages of the apparatus 700 in order to ensure that no 

foreign materials are located within the wellbore that might clog up the various now 

passages and valves of the apparatus 700 and to ensure that no foreign material 

interferes with the expansion mandrel 705 during the expansion process. 

5 The apparatus 700 may be operated substantially as described above with 

reference to Figs. 1-7 to form a new section of casing within a wellbore. 

As illustrated in Fig. 8, in an alternative preferred embodiment, the method 

and apparatus described herein is used to repair an existing wellbore casing 805 by 

forming a tubular liner 810 inside of the existing wellbore casing 805. In a preferred 

10 embodiment, an outer annular lining of cement is not provided in the repaired 

section. In the alternative preferred embodiment, any number of fluidic materials 

can be used to expand the tubular liner 810 into intimate contact with the damaged 

section of the wellbore casing such as, for example, cement, epoxy, slag mix, or 

drilling mud. In the alternative preferred embodiment, sealing members 815 are 

15 preferably provided at both ends of the tubular member in order to optimally 

provide a fluidic seal. In an alternative preferred embodiment, the tubular liner 810 

is formed within a horizontally positioned pipeline section, such as those used to 

transport hydrocarbons or water, with the tubular liner 810 placed in an overlapping 

relationship with the adjacent pipeline section. In this manner, underground 

20 pipelines can be repaired without having to dig out and replace the damaged 

sections. 

In another alternative preferred embodiment, the method and apparatus 

described herein is used to directly line a wellbore with a tubular liner 810. In a 

preferred embodiment, an outer annular lining of cement is not provided between 

25 the tubular liner 810 and the wellbore. In the alternative preferred embodiment, 

any number of fluidic materials can be used to expand the tubular liner 810 into 

intimate contact with the wellbore such as, for example, cement, epoxy, slag mix, 

or drilling mud. 

Referring now to Figs. 9,9a, 9b and 9c, a preferred embodiment of an 



apparatus 900 for forming a wellbore casing includes an expandible tubular 

member 902, a support member904, an expandible mandrel or pig 906, and a shoe 

908. In a preferred embodiment, the design and construction of the mandrel 906 

and shoe 908 permits easy removal of those elements by drilling them out. In this 

5 manner, the assembly 900 can be easily removed from a wellbore using a 

conventional drilling apparatus and corresponding drilling methods. 

The expandible tubular member 902 preferably includes an upper portion 

910, an intermediate portion 912 and a lower portion 914. During operation of the 

apparatus 900, the tubular member 902 is preferably extruded off of the mandrel 

10 906 by pressurizing an interior region 966 of the tubular member 902. The tubular 

member 902 preferably has a substantially annular cross-section. 

In a particularly preferred embodiment, an expandable tubular member 915 

is coupled to the upper portion 910 of the expandable tubular member 902. During 

operation of the apparatus 900, the tubular member 915 is preferably extruded off 

15 of the mandrel 906 by pressurizing the interior region 966 of the tubular member 

902. The tubular member 915 preferably has a substantially annular cross-section. 

In a preferred embodiment, the wall thickness of the tubular member 915 is greater 

than the wall thickness of the tubular member 902. 

The tubular member 915 may be fabricated from any number of conventional 

20 commercially available materials such as, for example, oilfield tubulars, low alloy 

steels, titanium or stainless steels. In a preferred embodiment, the tubular member 

915 is fabricated from oilfield tubulars in order to optimally provide approximately 

the same mechanical properties as the tubular member 902. In a particularly 

preferred embodiment, the tubular member 915 has a plastic yield point ranging 

25 from about 275.9028 to 9307.92195 bar (40,000 to 135,000 psi) in order to optimally 

provide approximately the same yield properties as the tubular member 902. The 

tubular member 915 may comprise a plurality of tubular members coupled end to 

end. 

In a preferred embodiment, the upper end portion of the tubular member 

30 915 includes one or more sealing members for optimally providing a fluidic and/or 

gaseous seal with an existing section of wellbore casing. 
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In a preferred embodiment, the combined length of the tubular members 902 and 

915 are limited to minimize the possibility of buckling.  For typical tubular member 

materials, the combined length of the tubular members 902 and 915 are limited to between 

about 12,192 to 6,096m (40 to 20,000 feet) in length. 

5 The lower portion 914 of the tubular member 902 is preferably coupled to the 

shoe 908 by a threaded connection 968. The intermediate portion 912 of the tubular 

member 902 preferably is placed in intimate sliding contact with the mandrel 906. 

The tubular member902 maybe fabricated from any number of conventional 

commercially available materials such as, for example, oilfield tubulars, low alloy 

10 steels, titanium or stainless steels. In a preferred embodiment, the tubular member 

902 is fabricated from oilfield tubulars in order to optimally provide approximately 

the same mechanical properties as the tubular member 915. In a particularly 

preferred embodiment, the tubular member 902 has a plastic yield point ranging 

from about 275.9028 to 9307.92195 bar (40,000 to 135,000 psi) in order to optimally 

15 provide approximately the same yield properties as the tubular member 915. 

The wall thickness of the upper, intermediate, and lower portions, 910,912 and914 

of the tubular member 902 may range, for example, from about 0.625 to 3.81 (1/16 to 1.5 

inches). In a preferred embodiment, the wall thickness of the upper, intermediate, and 

lower portions, 910, 912 and 914 of the tubular member 902 range from about 0.3175 to 

20 3.175 cms (1/8 to 1.25 inches) in order to optimally provide wall thickness that are about 

the same as the tubular member 915. In a preferred embodiment, the wall thickness of the 

lower portion 914 is less than or equal to the wall thickness of the upper portion 910 in 

order to optimally provide a geometry that will fit into tight clearances downhole. 

The outer diameter of the upper, intermediate, and lower portions, 910,912 and 914 

25 of the tubular member 902 may range, for example, from about 2.667 to 121.92 cms (1.05 

to 48 inches). In a preferred embodiment, the outer diameter of the upper, intermediate, 

and lower portions, 910,912 and 914 of the tubular member 902 range from about 8.89 to 

48.26 cms (3 V4 to 19 inches) in order to optimally provide the ability to expand the most 

commonly used oilfield tubulars. 
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f        . The length of the tubular member 902 is preferably Kmiteifto bbtween about 

0,6096 to 1.524 m (2 to 5 feet) in order to optimally provide enough length to contain the 

mandrel 906 and a body of lubricant 

The tubular member 902 may comprise any number of conventional 

5 commercially available tubular members modified in accordance with the teachings 

of the present disclosure. In a preferred embodiment, the tubular member 902 

comprises Oilfield Country Tubular Goods available from various U.S. steel mills. 

The tubular member 915 may comprise any number of conventional commercially 

available tubular members modified in accordance with the teachings of the 

10 present disclosure. In a preferred embodiment, the tubular member 915 comprises 

Oilfield Country Tubular Goods available from various U.S. steel mills. 

The various elements of the tubular member 902 may be coupled using any 

number of conventional process such as, for example, threaded connections, 

welding or machined from one piece. In a preferred embodiment, the various 

15 elements of the tubular member 902 are coupled using welding. The tubular 

member 902 may comprise a plurality of tubular elements that are coupled end to 

end. The various elements of the tubular member 915 may be coupled using any 

number of conventional process such as, for example, threaded connections, 

welding or machined from one piece. In a preferred embodiment, the various 

20 elements of the tubular member 915 are coupled using welding. The tubular 

member 915 may comprise a plurality of tubular elements that are coupled end to 

end. The tubular members 902 and 915 may be coupled using any number of 

conventional process such as, for example, threaded connections, welding or 

machined from one piece. 

25 The support member 904 preferably includes an innerstring adapter 916, 

a fluid passage 918, an upper guide 920, and a coupling 922. During operation of 

the apparatus 900, the support member 904 preferably supports the apparatus 900 

during movement of the apparatus 900 within a wellbore. The support member 

904 preferably has a substantially nnnnlpr cross-section. 

30 The support member 904 may be fabricated from any number of 

conventional commercially available materials such as, for example, oilfield 

tubulars, low alloy steel, coiled tubing or stainless steel.   In a preferred 



( ;mbodiment, the support member 904? is fabricated from tew fiiloy steel in order 

to optimally provide high yield str ngth' 

The innerstring adaptor 916 preferably is coupled to and supported by a 

conventional drill string support from a surface location. The innerstring adaptor 

5 916 may be coupled to a conventional drill string support 971 by a threaded 

connection 970. 

The fluid passage 918 is preferably used to convey fluids and other materials 

to and from the apparatus 900. In a preferred embodiment, the fluid passage 918 

is fluidicly coupled to the fluid passage 952. In a preferred embodiment, the fluid 

10 passage 918 is used to convey hardenable fluidic sealing materials to and from the 

apparatus 900. In a particularly preferred embodiment, the fluid passage 918 may 

include one or more pressure relief passages (not illustrated) to release fluid 

pressure during positioning of the apparatus 900 within a wellbore. In a preferred 

embodiment, the fluid passage 918 is positioned along a longitudinal centerline of 

15 the apparatus 900. In a preferred embodiment, the fluid passage 918 is selected 

to permit the conveyance of hardenable fluidic materials at operating pressures 

ranging from about 0 to 620.52813 bar (0 to 9,000 psi). 

The upper guide 920 is coupled to an upper portion of the support member 

904. The upper guide 920 preferably is adapted to center the support member 904 

20 within the tubular member 915. The upper guide 920 may comprise any number 

of conventional guide members modified in accordance with the teachings of the 

present disclosure. In a preferred embodiment, the upper guide 920 comprises an 

innerstring adapter available from Halliburton Energy Services in Dallas, TX order 

to optimally guide the apparatus 900 within the tubular member 915. 

25 The coupling922 couples the support member 904 to the mandrel 906, The 

coupling 922 preferably comprises a conventional threaded connection. 

The various elements of the support member 904 may be coupled using any 

number of conventional processes such as, for example, welding, threaded 

connections or machined from one piece. In a preferred embodiment, the various 

30 elements of the support member 904 are coupled using threaded connections. 

The mandrel 906 preferably includes a retainer 924, a rubber cup 926, an 

expansion cone 928, a lower cone retainer 930, a body of cement 932, a lower guide 
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934, an extension sleeve 936, a spacer 938, a housing 940, a sealing sleeve 942, an 

upper cone retainer 944, a lubricator mandrel 946, a lubricator sleeve 948, a guide 

950, and a fluid passage 952. 

The retainer 924 is coupled to the lubricator mandrel 946, lubricator sleeve 

5 948, and the rubber cup 926. The retainer 924 couples the rubber cup 926 to the 

lubricator sleeve 948. The retainer 924 preferably has a substantially annular 

cross-section.  The retainer 924 may comprise any number of conventional 

commercially available retainers such as, for example, slotted spring pins or roll 

pin. 

10 The rubber cup 926 is coupled to the retainer 924, the lubricator mandrel 

946, and the lubricator sleeve 948. The rubber cup 926 prevents the entry of 

foreign materials into the interior region 972 of the tubular member 902 below the 

rubber cup 926. The rubber cup 926 may comprise any number of conventional 

commercially available rubber cups such as, for example, TP cups or Selective 

15 Injection Packer (SIP) cup. In a preferred embodiment, the rubber cup 926 

comprises a SIP cup available from Halliburton Energy Services in Dallas, TX in 

order to optimally block foreign materials. 

In a particularly preferred embodiment, a body of lubricant is further 

provided in the interior region 972 of the tubular member 902 in order to lubricate 

20 the interface between the exterior surface of the mandrel 902 and the interior 

surface of the tubular members 902 and 915. The lubricant may comprise any 

number of conventional commercially available lubricants such as, for example, 

Lubriplate™, chlorine based lubricants, oil based lubricants or Climax 1500 Antiscize 

(3100X In a preferred embodiment, the lubricant comprises Climax 1500Antiseize 

25 (3100) available from Climax Lubricants and Equipment Co. in Houston, TX in 

order to optimally provide lubrication to faciliate the extrusion process. 

The expansion cone 928 is coupled to the lower cone retainer 930, the body 

of cement 932, the lower guide 934, the extension sleeve 936, the housing 940, and 

the upper cone retainer 944. In a preferred embodiment, during operation of the 

30 apparatus 900, the tubular members 902 and 915 are extruded off of the outer 

surface of the expansion cone 928. In a preferred embodiment, axial movement 

of the expansion cone 928 is prevented by the lower cone retainer 930, housing 940 
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and the upper cone retainer 944. Inner radial movement of the expansion cone 928 is 

prevented by the body of cement 932, the housing 940, and the upper cone retainer 944. 

The expansion cone 928 preferably has a substantially annular cross section. 

The outside diameter of the expansion cone 928 is preferably tapered to provide a 

5 cone shape. The wall thickness of the expansion cone 928 may range, for example, 

from about 0.3175 to 7.62 cms (0.125 to 3 inches). In a preferred embodiment, the 

wall thickness of the expansion cone 928 ranges from about 0.635 to 1.905 cms 

(0.25 to 0.75 inches) in order to optimally provide adequate compressive strength 

with minimal material. The maximum and minimum outside diameters of the 

10 expansion cone 928 may range, for example, from about 2.54 to 119.38 cms (1 to 

47 inches). In a preferred embodiment, the maximum and minimum outside 

diameters of the expansion cone 928 range from about 8.89 to 48.26 cms (3.5 to 19 

inches) in order to optimally provide expansion of generally available oilfield 

tubulars 

15 The expansion cone 928 maybe fabricated from any number of conventional 

commercially available materials such as, for example, ceramic, tool steel, titanium 

or low alloy steel. In a preferred embodiment, the expansion cone 928 is fabricated 

from tool steel in order to optimally provide high strength and abrasion resistance. 

The surface hardness of the outer surface of the expansion cone 928 may range, for 

20 example, from about 50 Rockwell C to 70 Rockwell C. In a preferred embodiment, 

the surface hardness of the outer surface of the expansion cone 928 ranges from 

about 58 Rockwell C to 62 Rockwell C in order to optimally provide high yield 

strength. In a preferred embodiment, the expansion cone 928 is heat treated to 

optimally provide a hard outer surface and a resilient interior body in order to 

25 optimally provide abrasion resistance and fracture toughness. 

The lower cone retainer 930 is coupled to the expansion cone 928 and the 

housing 940. In a preferred embodiment, axial movement of the expansion cone 

928 is prevented by the lower cone retainer 930. Preferably, the lower cone retainer 

930 has a substantially annular cross-section. 

30 The lower cone retainer 930 may be fabricated from any number of 

conventional commercially available materials such as, for example, ceramic, tool 

steel, titanium or low alloy steel. In a preferred embodiment, the lower cone 

retainer 930 is fabricated from tool steel in order to optimally provide high strength 
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and abrasion resistance. The surface hardness of the outer surface of the lower 

cone retainer 930 may range, for example, from about 50 Rockwell C to 70 

Rockwell C. In a preferred embodiment, the surface hardness of the outer surface 

of the lower cone retainer 930 ranges from about 58 Rockwell C to 62 Rockwell C 

5 in order to optimally provide high yield strength. In a preferred embodiment, the 

lower cone retainer 930 is heat treated to optimally provide a hard outer surface 

and a resilient interior body in order to optimally provide abrasion resistance and 

fracture toughness. 

In a preferred embodiment, the lower cone retainer 930 and the expansion 

10 cone 928 are formed as an integral one-piece element in order reduce the number 

of components and increase the overall strength of the apparatus. The outer 

surface of the lower cone retainer 930 preferably mates with the inner surfaces of 

the tubular members 902 and 915. 

The body of cement 932 is positioned within the interior of the mandrel 906. 

15 The body of cement 932 provides an inner bearing structure for the mandrel 906. 

The body of cement 932 further may be easily drilled out using a conventional drill 

device.   In this manner, the mandrel 906 may be easily removed using a 

conventional drilling device. 

The body of cement 932 may comprise any number of conventional 

20 commercially available cement compounds. Alternatively, aluminum, cast iron or 

some other drillable metallic, composite, or aggregate material may be substituted 

for cement. The body of cement 932 preferably has a substantially annular cross- 

section. 

The lower guide 934 is coupled to the extension sleeve 936 and housing 940. 

25 During operation of the apparatus 900, the lower guide 934 preferably helps guide 

the movement of the mandrel 906 within the tubular member 902. The lower guide 

934 preferably has a substantially annular cross-section. 

The lower guide 934 may be fabricated from any number of conventional 

commercially available materials such as, for example, oilfield tubulars, low alloy 

30 steel or stainless steel.  In a preferred embodiment, the lower guide 934 is 

fabricatedfromlowalloysteelinordertooptimallyprovidehighyieldstrength. The 
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outer surface of the lower guide 934 preferably mates with the inner surface of the 

tubular member 902 to provide a sliding fit. 

The extension sleeve 936 is coupled to the lower guide 934 and the housing 

940. During operation of the apparatus 900, the extension sleeve 936 preferably 

5 helps guide the movement of the mandrel 906 within the tubular member 902. The 

extension sleeve 936 preferably has a substantially annular cross-section. 

The extension sleeve 936 may be fabricated from any number of 

conventional commercially available materials such as, for example, oilfield 

tubulars, low alloy steel or stainless steel.  In a preferred embodiment, the 

10 extension sleeve 936 is fabricated from low alloy steel in order to optimally provide 

high yield strength. The outer surface of the extension sleeve 936 preferably mates 

with the inner surface of the tubular member 902 to provide a sliding fit. In a 

preferred embodiment, the extension sleeve 936 and the lower guide 934 are 

formed as an integral one-piece element in order to minimize the number of 

15 components and increase the strength of the apparatus. 

The spacer 938 is coupled to the sealing sleeve 942. The spacer 938 

preferably includes the fluid passage 952 and is adapted to mate with the extension 

tube 960 of the shoe 908. In this manner, a plug or dart can be conveyed from the 

surface through the fluid passages 918 and 952 into the fluid passage 962. 

20 Preferably, the spacer 938 has a substantially annular cross-section. 

The spacer 938 may be fabricated from any number of conventional 

commerciallyavailableniaterialssuchas.forexample.steel.aluminumorcast^ 

In a preferred embodiment, the spacer 938 is fabricated from aluminum in order 

tooptimallyprovidedrillabUity. The endof the spacer938 preferably mates with the 

25 end ofthe extension tube 960. In a preferred embodiment, the spacer938 and the 

sealing sleeve 942 are formed as an integral one-piece element in order to reduce 

the number of components and increase the strength of the apparatus. 

The housing 940 is coupled to the lower guide 934, extension sleeve 936, 

expansion cone 928, body of cement 932, and lower cone retainer 930. During 

30 operation of the apparatus 900, the housing 940 preferably prevents inner radial 

motion of the expansion cone 928. Preferably, the housing 940 has a substantially 

annular cross-section. 
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The housing 940 may be fabricated from any number of conventional 

commercial avaUabie materials such as, for example, oilfield tubular, low alloy 

steel or stainless steel. In a preferred embodiment, (he housins 940 is fabricated 

from .owalloy stee! in order ,0 opumallyprovide highyield strength. In a preferred 

embodiment, the lower guide 934, extension sleeve 936 and housing 940 are 

formed as an Integra! one-piece element in order ,o minimis the number of 

components and increase the strength of the apparatus. 

In a particularly preferred embodiment, the interior surface of the housing 

940 includes one or more protons to faciliate the connection between the 

10 housmg940andthebodyofcement932. 

The sealing sleeve 942 is coupled ,o the support member 904, the body of 

cement 932, the space, 938, and the upper cone retainer 944. During operation 0, 

the apparatus, the sealm, sleeve 942 prefer provides supp0„ fer m ^ 

906. The sealmg sleeve 942 Is preferab* coupled to rhe support member904 using 

15 the coupling 922. Preferably, the sea»ng sleeve 942 has a substantially annu J 

cross-section. 

The sealing steeve 942 may be fabricated from any number of conventional 

commerciauyavaifahtematerialssuchas.forexamp.e.s.eel.aluminumorcastimn 

20 1* 7 "»        ste-e 942 is fabricated fmm aluminum in 
20 order lo optimally provide drillabilily of the sealing sleeve 942 

in a particutoriy preferred embodiment the outer surface of the sealing 

sleeve942,„c,udes„rreormorepro,msions.ofaciUa.etheconnecUonberweenme 
seahng sleeve 942 and the body of cement 932. 

,na^C^Prefe^^imen,,lhespacer938and,hesealings.eeve 

25 ^aretntegrallyformedasaone^ieceelemen,inordertominimamenumber 
of components. 

The upper cone retainer 944 is coup.ed to the expansion cone 928, the 

seahng s.eeve942, and the body of cement 932. During operation of,he apparatus 

900,, eupperc0rereta„er944preferab^Preve„,s axial motion ofthe expansion 

30 cone928. Preferably, the upper cone retainer944 has a subsfenuaHyannl cross- 
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The upper cone retainer 944 may be fabricated from any number of 

conventional commercially available materials such as, for example, steel, 

aluminum or cast iron. In a preferred embodiment, the upper cone retainer 944 is 

fabricated from aluminum in order to optimally provide drillability of the upper cone 

5 retainer 944. 

In a particularly preferred embodiment, the upper cone retainer 944 has a 

cross-sectional shape designed to provide increased rigidity. In a particularly 

preferred embodiment, the upper cone retainer 944 has a cross-sectional shape 

that is substantially I-shaped to provide increased rigidity and minimize the amount 

10 of material that would have to be drilled out. 

The lubricator mandrel946is coupled to the retainer924, the rubbercup 926, 

the upper cone retainer 944, the lubricator sleeve 948, and the guide 950. During 

operation of the apparatus 900, the lubricator mandrel 946 preferably contains the 

body of lubricant in the annular region 972 for lubricating the interface between the 

15 mandrel 906 and the tubular member 902. Preferably, the lubricator mandrel 946 

has a substantially annular cross-section. 

The lubricator mandrel 946 may be fabricated from any number of 

conventional commercially available materials such as, for example, steel, 

aluminum or cast iron. In a preferred embodiment, the lubricator mandrel 946 is 

20 fabricated from aluminum in order to optimally provide drillability of the lubricator 

mandrel 946. 

The lubricator sleeve 948 is coupled to the lubricator mandrel 946, the 

retainer 924, the rubber cup 926, theuppercone retainer 944, the lubricator sleeve 

948, and the guide 950. During operation of the apparatus 900, the lubricator sleeve 

25 948 preferably supports the rubber cup 926. Preferably, the lubricator sleeve 948 

has a substantially annular cross-section. 

The lubricator sleeve 948 may be fabricated from any number of 

conventional commercially available materials such as, for example, steel, 

aluminum or cast iron. In a preferred embodiment, the lubricator sleeve 948 is 

30 fabricated from aluminum in order to optimally provide drillability of the lubricator 

sleeve 948. 
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As illustrated in Fig. 9c, the lubricator sleeve 948 Is supported By the lubricator 

mandrel 946. The lubricator sleeve 948 in turn supports the rubber cup 926. The 

retainer 924 couples the rubber cup 926 to the lubricator sleeve 948. In a preferred 

embodiment, seals 949a and 949b are provided between the lubricator mandrel 

5 946, lubricator sleeve 948, and rubber cup 926 in order to optimally seal off the 

interior region 972 of the tubular member 902. 

The guide 950 is coupled to the lubricator mandrel 946, the retainer 924, and 

the lubricator sleeve 948. During operation of the apparatus 900, the guide 950 

preferably guides the apparatus on the support member 904. Preferably, the guide 

10 950 has a substantially annular cross-section. 

The guide 950 may be fabricated from any number of conventional 

commerdallyavailablematerialssuchas,forexample,steel,aluminumo^ 

In a preferred embodiment, the guide 950 is fabricated from aluminum order to 

optimally provide drillability of the guide 950. 

15 The fluid passage 952 is coupled to the mandrel 906. During operation of the 

apparatus, the fluid passage 952 preferably conveys hardenable fluidic materials 

Inapreferred embodiment, thefluid passage 952 is positioned about the centeriine 

of the apparatus 900. In a particularly preferred embodiment, the fluid passage 952 

.sadaptedtoconveyhardenablefluidicmaterialsatpressuresarrdflowraterangir^ 

20 from about 0 to 620.52813 bar (0 to 9,000 psi) and 0 to 11356.2355 litres/minute (0 

to 3,000 gallons/min) in order to optimally provide pressures and flow rates to 

drsplace and circulate fluids during the installation of the apparatus 900. 

The various elements of the mandrel 906 may be coupled using any number 

of conventional process such as, for example, threaded connections, welded 

25 connections or cementing. In a preferred embodiment, the various elements of the 

mandrel 906 are coupled using threaded connections and cementing. 

The shoe 908 preferably includes a housing 954, a body of cement 956, a 

sealmg sleeve 958, an extension tube 960, a fluid passage 962, and one or more 

outlet jets 964. 

30 The housing 954 is coupled to the body of cement 956 and the lower portion 

914ofthetubularmember902. During operationoftheapparatus 900, the housing 

954 preferably couples the lowerportion of the tubular member 902 to the shoe 908 
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to facilitate the extrusion and positioning of the tubular member 902. Preferably, 

the housing 954 has a substantially annular cross-section. 

The housing 954 may be fabricated from any number of conventional 

commercially available materials such as, for example, steel or aluminum. In a 

5 preferred embodiment, the housing 954 is fabricated from aluminum in order to 

optimally provide drillability of the housing 954. 

In a particularly preferred embodiment, the interior surface of the housing 

954 includes one or more protrusions to faciliate the connection between the body 

of cement 956 and the housing 954. 

10 Thebodyofcement956iscoupledtothehousing954,andthesealingsIeeve 

958. In a preferred embodiment, the composition of the body of cement 956 is 

selected to permit the body of cement to be easily drilled out using conventional 

drilling machines and processes. 

The composition of the body of cement 956 may include any number of 

15 conventional cement compositions. In an alternative embodiment, a drillable 

material such as, for example, aluminum or iron may be substituted for the body 

of cement 956. 

The sealing sleeve 958 is coupled to the body of cement 956, the extension 

tube 960, the fluid passage 962, and one or more outlet jets 964. During operation 

20 of the apparatus 900, the sealing sleeve 958 preferably is adapted to convey a 

hardenable fluidlc material from the fluid passage 952 into the fluid passage 962 and 

then into the outlet jets 964 in order to inject the hardenable fluidic material into an 

annular region external to the tubular member 902. In a preferred embodiment, 

during operation of the apparatus 900, the sealing sleeve 958 further includes an 

25 inlet geometry that permits a conventional plug or dart 974 to become lodged In the 

inlet of the sealing sleeve 958. In this manner, the fluid passage 962 may be 

blocked therebyfluidiclyisolatingtheinteriorregion966ofthetubuiarmember 902. 

In a preferred embodiment, the sealing sleeve 958 has a substantially annular 

cross-section. The sealing sleeve 958 may be fabricated from any number of 

30 conventional commercially available materials such as, for example, steel, 

aluminum or cast iron. In a preferred embodiment, the sealing sleeve 958 is 
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labricated from aluminum in order to optimally provide drfflabmVof the sealing 

sleeve 958. ' 

The extension tube 960 is coupled to the sealing sleeve 958, the fluid 

passage 962, and one or more outlet jets 964. During operation of the apparatus 

5 900, the extension tube 960 preferably is adapted to convey a hardenable fluidic 

material from the fluid passage 952 into the fluid passage 962 and then into the 

outlet jets 964 in order to inject the hardenable fluidic material into an annular 

region external to the tubular member 902. In a preferred embodiment, during 

operation of the apparatus 900, the sealing sleeve 960 further includes an inlet 

10 geometry that permits a conventional plug or dart 974 to become lodged in the 

inlet of the sealing sleeve 958. In this manner, the fluid passage 962 is blocked 

thereby fluidicly isolating the interior region 966 of the tubular member 902. In 

a preferred embodiment, one end of the extension tube 960 mates with one end of 

the spacer 938 in order to optimally faciliate the transfer of material between the 

15 two. 

In a preferred embodiment, the extension tube 960 has a substantially 

annular cross-section. The extension tube 960 may be fabricated from any number 

of conventional commercially available materials such as, for example, steel, 

aluminum or cast iron. In a preferred embodiment, the extension tube 960 is' 

20 fabricated from aluminum in order to optimally provide drillability of the 

extension tube 960. 

The fluid passage 962 is coupled to the sealing sleeve 958, the extension 

tube 960, and one or more outlet jets 964. During operation of the apparatus 900, 

the fluid passage 962 is preferably conveys hardenable fluidic materials. In a 

25 preferred embodiment, the fluid passage 962 is positioned about the centerline of 

the apparatus 900. In a particularly preferred embodiment, the fluid passage 962 

is adapted to convey hardenable fluidic materials at pressures and flow rate 

ranging from about 0 to 620.52813 bar (0 to 9,000 psi) and 0 to 11356.2355 (0 to 3,000 

gallons/mm) in order to optimally provide fluids at operationally efficient rates. 

30 ™eou«etjets964arecoupledto^ ' 

960, and the fluid passage 962. Durmg operation of the apparatus 900, the outlet 

_jets 964 preferably convey hardenable fluidic material from the fluid passage 962 

21 



*   •        •    • • 

to the region exterior ofthe apparatus 900. in a pWerrWembodiment, the shoe 

908 includes a plurality of outlet jets 964. 

In a preferred embodiment, the outlet jets 964 comprise passages drilled in 

the housing 954 and the body of cement 956 in order to simplify the construction 

5 of the apparatus 900. 

The various elements ofthe shoe 908 may be coupled using any number of 

conventional process such as, for example, threaded connections, cement or 

machined from one piece of material. In a preferred embodiment, the various 

elements of the shoe 908 are coupled using cement. 

10 In a preferred embodiment, the assembly 900 is operated substantially as 

described above with reference to Pigs. 1-8 to create a new section of casing in a 

wellbore or to repair a wellbore casing or pipeline. 

In particular, in order to extend a wellbore into a subterranean formation 

a drill sfring is used in a well known manner to drill out material from the 

15 subterranean formation to form a new section. 

The apparatus 900 for forming a wellbore casing in a subterranean 

formation is then positioned in the new section ofthe wellbore. In a particularly 

preferred embodiment, the apparatus 900 includes the tubular member 915 In a 

preferred enAodiment, a hardenable fluidic sealing hardenable fluidic sealing 

20 material is then pumped from a surface location into tne fluid passage 918 The 

hardenableflmdicseaUngrnaterialthenpassesfromthe 

interior region 966 of the tubular member 902 below the mandrel 906 The 

hardenable fluidic sealing material then passes from the interior region 966 into 

the fluid passage 962. The hardenable fluidic sealing material then exits the 

25 apparatus 900 via the outlet jets 964 and fills an annular region between the 

exterior ofthe tubular member 902 and the interior wall ofthe new section ofthe 

wellbore. Continued pumping ofthe hardenable fluidic sealing material causes the 

material to fill up at least a portion ofthe annular reeion 

The hardenable fluidic sealing material is preferably pumped into the 

psi) and 0 to 5678.1177 atres/roinute (0 to 1 500-Ila^/n,™        . , 
.   „ „ 1   ° 1,500 ^ons/mm), respectively. In a preferred embodiment 

the hardenable fluidic sealing material is pumped into the annular region at pressures 
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and How rates that are designed for the specific wellbore section in order to 

optimize the displacement of the hardenabJe fluidic sealing material while not 

creating high enough circulating pressures such that circulation might be lost and 

that could cause the wellbore to collapse. The optimum pressures and flow rates 

5 are preferably determined using conventional empirical methods. 

The hardenable fluidic sealing material may comprise any number of 

conventional commercially available hardenable fluidic sealing materials such as, 

for example, slag mix, cement or epoxy.   In a preferred embodiment, the 

hardenable fluidic sealing material comprises blended cements designed 

10 specifically for the well section being lined available from Halliburton Energy 

Services in Dallas, TX in order to optimally provide support for the new tubular 

member while also maintaining optimal flow characteristics so as to minimize 

operational difficulties during the displacement of thecementin the annular region. 

The optimum composition of the blended cements is preferably determined using 

15 conventional empirical methods. 

The annular region preferably is filled with the hardenable fluidic sealing 

material in sufficient quantities to ensure that, upon radial expansion of the tubular 

member 902, the annular region of the new section of the wellbore will be filled 

with hardenable material. 

20 Once the annular region has been adequately filled with hardenable fluidic 

sealing material, a plug or dart 974, or other similar device, preferably is introduced 

into the fluid passage 962 thereby fluidicly isolating the interior region 966 of the 

tubular member902 from the external annular region. In a preferred embodiment, 

a non hardenable fluidic material is then pumped into the interior region 966 

25 causing the interior region 966 to pressurize.   In a particularly preferred 

embodiment, the plug or dart 974, or other similar device, preferably is introduced 

into the fluid passage 962 by introducing the plug or dart 974, or other similar device 

into the non hardenable fluidic material. In this manner, the amount of cured 

material within the interior of the tubular members 902 and 915 is minimized. 

30 Once the interior region 966 becomes sufficiently pressurized, the tubular 

members 902 and 915 are extruded off of the mandrel 906. The mandrel 906 may 
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f be fixed or it may be expandible. During the efctrusion process, the mandrel 906 

is raised out of the expanded portions of the tubular members 902 and 915 using 

the support member 904. During this extrusion process, the shoe 908 is preferably 

substantially stationary. 

5 The plug or dart 974 is preferably placed into the fluid passage 962 by 

introducing the plug or dart 974 into the fluid passage 918 at a surface location in 

a conventional manner. The plug or dart 974 may comprise any number of 

conventional commercially available devices for plugging a fluid passage such as, 

for example, Multiple Stage Cementer (MSC) latch-down plug, Omega latch-down 

10 plug or three-wiper latch down plug modified in accordance with the teachings of 

the present disclosure. In a preferred embodiment, the plug or dart 974 comprises 

a MSC latch-down plug available from Halliburton Energy Services in Dallas, TX. 

After placement of the plug or dart 974 in the fluid passage 962, the non 

hardenable fluidic material is preferably pumped into the interior region 966 at 

15 pressures and flow rates ranging from approximately 34.473 to 620.52813 bar (500 to 

9,000 psi) and 151.4164 to 11356.2355 litres/minute (40 to 3,000 gallons/min) in order to 

optimally extrude the tubular members 902 and 915 off of the mandrel 906. 

For typical tubular members 902 and 915, the elusion of the tubular members 902 and 915 off 

of me expandable mandrel will begin when the pressure of me interior region 966 reaches approximately 

2o 34.473 to 620.52813 bar (500 to 9.000 psi). m . preferred embodiment, the extrusion of me tubular 

members 902 and 915 off of the mandrel 906 begins when the pressure of the interior region 966 reaches 

approximately 82.7352 to 586.041 bar (1.200 to 8,500 psi) with a flow rate of about 151.4164 to 

4731.7648 litrej/minute (40 to 1250 gallons/minute). 

During the extrusion process, the mandrel 906 may be raised out of the expanded 

portions of the tubular members 902 and 915 at rates ranging, for example, from about 0 

25 to 1.524 m/s(0 to 5 ft/sec). In a preferred embodiment, during the extrusion process the 

mandrel 906 is raised out of the expanded portions of the tubular members 902 and 915 

at rates ranging from about 0 to 0.6096 m/s (0 to 2 ft/sec) in order to optimally provide 

pulling speed fast enough to permit efficient operation and permit full expansion of the 

tubular members 902 and 915 prior to curing of the hardenable fluidic sealing material- 

but not so fast that timely adjustment of operating parameters during operation is 
30 prevented. 



When the upper end portion of the tubular member 915 is extruded off of the 

mandrel 906, the outer surface of the upper end portion of the tubular member 915 

will preferably contact the interior surface of the lower end portion of the existing 

casing to form an fluid tight overlapping joint. The contact pressure of the 

5 overlapping joint may range, for example, from approximately 3.447379 to 

1,278.9514 bar (50 to 20,000 psi). In a preferred embodiment, the contact pressure 

of the overlapping joint between the upper end of the tubular member 915 and the 

existing section of wellbore casing ranges from approximately 27.579028 to 

689.4757 bar (400 to 10,000 psi) in order to optimally provide contact pressure to 

10 activate the seating members and provide optimal resistance such that the tubular 

member 915 and existing wellbore casing will carry typical tensile and compressive 

loads. 

In a preferred embodiment, the operating pressure and flow rate of the non 

hardenable fluidic material will be controllably ramped down when the mandrel 

15 906reachestheupperendportionofthetubularmember915. In this manner, the 

sudden release of pressure caused by the complete extrusion of the tubular 

member 915 off of the expandable mandrel 906 can be minimized. In a preferred 

embodiment, the operating pressure is reduced in a substantially linear fashion 

from 100% to about 10% during the end of the extrusion process beginning when 

20 the mandrel 906 has completed approximately all but about the last 1.524m (5 feet) 

of the extrusion process. 

In an alternative preferred embodiment, the operating pressure and/or flow 

rate of the hardenable fluidic sealing material and/or the non hardenable fluidic 

material are controlled during all phases of the operation of the apparatus 900 to 

25 minimize shock. 

Alternatively, or in combination, a shock absorber is provided in the support 

member 904 in order to absorb the shock caused by the sudden release of 

pressure. 

Alternatively, or in combination, a mandrel catching structure is provided 

30 above the support member 904 in order to catch or at least decelerate the mandrel 

906. 

Once the extrusion process is completed, the mandrel 906 is removed from 

the wellbore. In a preferred embodiment, either before or after the removal of the 
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mandrel 906, the integrity of the fluidic seal of the overlapping joint between the 

upper portion of the tubular member 915 and the lower portion of the existing 

casing is tested using conventional methods. If the fluidic seal of the overlapping 

joint between the upper portion of the tubular member 915 and the lower portion 

5 of the existing casing Is satisfactory, then the uncured portion of any of the 

hardenable fluidic sealing material within the expanded tubular member 915 is then 

removed in a conventional manner. The hardenable fluidic sealing material within 

the annular region between the expanded tubular member 915 and the existing 

casing and new section of wellbore is then allowed to cure. 

10 Preferably any remaining cured hardenable fluidic sealing material within the 

interior of the expanded tubular members 902 and 915 is then removed in a 

conventional manner using a conventional drill string. The resulting new section 

of casing preferably includes the expanded tubular members 902 and 915 and an 

outer annular layer of cured hardenable fluidic sealing material. The bottom portion 

15 of the apparatus 900 comprising the shoe 908 may then be removed by drilling out 

the shoe 908 using conventional drilling methods. 

In an alternative embodiment, during the extrusion process, it may be 

necessary to remove the entire apparatus 900 from the interior of the wellbore due 

to a malfunction. In this circumstance, a conventional drill string is used to drill out 

20 the interior sections of the apparatus 900 in order to facilitate the removal of the 

remaining sections. In a preferred embodiment, the interior elements of the 

apparatus 900 are fabricated from materials such as, for example, cement and 

aluminum, that permit a conventional drill string to be employed to drill out the 

interior components. 

25 In particular, in a preferred embodiment, the composition of the interior 

sections of the mandrel 906 and shoe 908, including one or more of the body of 

cement932, the spacer 938, the sealing sleeve 942, the uppercone retainer 944, the 

lubricator mandrel 946, the lubricator sleeve 948, the guide 950, the housing 954, the 

body of cement 956, the sealing sleeve 958, and the extension tube 960, are 

30 selected to permit at least some of these components to be drilled out using 

conventional drilling methods and apparatus. In this manner, in the event of a 
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malfunction downhole, the apparatus 900 may be easily removed from the 

wellbore. 

Referring now to Figs. 10a, 10b, 10c, lOd, lOe, 10f, and lOg a method and 

apparatus for creating a tie-back liner in a wellbore will now be described. As 

5 illustrated in Fig. 10a, a wellbore 1000 positioned in a subterranean formation 1002 

includes a first casing 1004 and a second casing 1006. 

The first casing 1004 preferably includes a tubular liner 1008 and a cement 

annulus 1010. The second casing 1006 preferably includes a tubular liner 1012 and 

a cement annulus 1014. In a preferred embodiment, the second casing 1006 is 

10 formed by expanding a tubular member substantially as described above with 

reference to Figs. l-9c or below with reference to Figs. 1 la-1 If. 

In a particularly preferred embodiment, an upper portion of the tubular liner 

1012 overlaps with a lower portion of the tubular liner 1008. In a particularly 

preferred embodiment, an outer surface of the upper portion of the tubular liner 

15 1012 includes one or more sealing members 1016 for providing a fluidic seal 

between the tubular liners 1008 and 1012. 

Referring to Fig. 10b, in order to create a tie-back liner that extends from the 

overlap between the first and second casings, 1004 and 1006, an apparatus 1100 is 

preferably provided that includes an expandable mandrel or pig 1105, a tubular 

20 member 1110, a shoe 1115, one or more cup seals 1120, a fluid passage 1130, a fluid 

passage 1135, one or more fluid passages 1140, seals 1145, and a support member 

1150. 

The expandable mandrel or pig 1105 is coupled to and supported by the 

support member 1150. The expandable mandrel 1105 is preferably adapted to 

25 controllably expand in a radial direction. The expandable mandrel 1105 may 

comprise any number of conventional commercially available expandable 

mandrels modified in accordance with the teachings of the present disclosure. In 

a preferred embodiment, the expandable mandrel 1105 comprises a hydraulic 

expansion tool substantially as disclosed in U.S. Pat. No. 5,348,095, the disclosure 

30 of which is incorporated herein by reference, modified in accordance with the 

teachings of the present disclosure. 
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The tubular member 1110 is coupled to and supported by the expandable mandrel 

1105. The tubular member 1105 is expanded in the radial direction and extruded off of the 

expandable mandrel 1105. The tubular member 1110 may be 

fabricated from any number of materials such as, for example, Oilfield Country Tubular 

5 Goods, 13 chromium tubing or plastic piping. In a preferred embodiment, the tubular 

member 1110 is fabricated from Oilfield Country Tubular Goods. 

The inner andouter diameters of the tubularmember 1110 may range, for example, 

from approximately 1.905 to 119.38 cms (0.75 to 47 inches) and 2.667 to 121.92 cms (1.05 

to 48 inches), respectively. In a preferred embodiment, the inner and outer diameters of 

10 the tubular member 1110 range from about 7.62 to 39.37 cms (3 to 15.5 inches) and 8.89 

to 40.64 cms (3.5 to 16 inches), respectively in order to optimally provide coverage for 

typical oilfield casing sizes. The tubular member 1110 preferably comprises a solid 

member. 

In a preferred embodiment, the upper end portion of the tubular member 1110 is 

15 slotted, perforated, or otherwise modified to catch or slow down the mandrel 1105 when 

it completes the extrusion of tubular member 1110. In a preferred embodiment, the length 

of the tubular member 1110 is limited to minimize the possibility of buckling. For typical 

tubularmember 1110 materials, the length of the tubular member 1110 is preferably limited 

to between about 12.192 to 6,096m (40 to 20,000 feet) in length. 

20 The shoe 1115 is coupled to the expandable mandrel 1105 and the tubularmember 

1110. The shoe 1115 includes the fluid passage 1135. The shoe 1115 may comprise any 

number of conventional commercially available shoes such as, for example, Super Seal II 

float shoe, Super Seal II Down-Jet float shoe or a guide shoe with a sealing sleeve for a latch 

down plug modified in accordance with the teachings of the present disclosure. In a 

25 preferred embodiment, the shoe 1115 comprises an aluminum down-jet guide shoe with 

a sealing sleeve for a latch-down plug with side ports radiating off of the exit flow port 

available from Halliburton Energy Services in Dallas, TX, modified in accordance with the 

teachings of the present disclosure, in order to optimally guide the tubular member 1100 

to the overlap between the tubular member 1100 and the casing 1012, optimally fluidicly 

30 isolate the interior of the tubular member 1100 after the latch down plug has seated, and 

optimally permit drilling out of the shoe 1115 after completion of the expansion and 

cementing operations. 

In a preferred embodiment, the shoe 1115 includes one or more side outlet 

ports 1140 in fluidic communication with the fluid passage 1135. In this manner, 
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Jie shoe 1115 injects hardenablefluidicsealingmaterial intothe region outside the 

shoe 1115 and tubular member 1110. In a preferred embodiment, the shoe 1115 

includes one or more of the fluid passages 1140 each having an inlet geometry that 

can r ceive a dart and/or a ball sealing member. In this manner, the fluid passages 

5 1140 can be sealed off by introducing a plug, dart and/or ball sealing elements into 

the fluid passage 1130. 

The cup seal 1120 is coupled to and supported by the support member 1150, 

The cup seal 1120 prevents foreign materials from entering the interior region of 

the tubular member 1110 adjacent to the expandable mandrel 1105. The cup seal 

10 1120 may comprise any number of conventional commercially available cup seals 

such as, for example, TP cups or Selective Injection Packer (SIP) cups modified in 

accordance with the teachings of the present disclosure. In a preferred 

embodiment, the cup seal 1120 comprises a SIP cup, available from Halliburton 

Energy Services in Dallas, TX in order to optimally provide a barrier to debris and 

15 contain a body of lubricant 

The fluid passage 1130 permits fluidic materials to be transported to and 

from the interior region of the tubular member 1110 below the expandable 

mandrel 1105. The fluid passage 1130 is coupled to and positioned within the 

support member 1150 and the expandable mandrel 1105. The fluid passage 1130 

20 preferably extends from a position adjacent to the surface to the bottom of the 

expandable mandrel 1105. The fluid passage 1130 is preferably positioned along 

a centerline of the apparatus 1100. The fluid passage 1130 is preferably selected 

to transport materials such as cement, drilling mud or epoxies at flow rates and 

pressures ranging from about 0 to 11356.2355 litres/minute (0 to 3,000 gallons/minute) 

25 and 0 to 620.52813 bar (0 to 9,000 psi) in order to optimally provide sufficient operating 

pressures to circulate fluids at operational efficient rates. 

The fluid passage 1135 permits fluidic materials to be transmitted from fluid 

passage 1130 to the interior of the tubular member 1110 below the mandrel 1105. 

The fluid passages 1140 permits fluidic materials to be transported to and 

30 from the region exterior to the tubular member 1110 and shoe 1115. The fluid 

passages 1140 are coupled to and positioned within the shoe 1115 in fluidic 

communication with the interior region of the tubular member 1110 below the 
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Expandable mandrel 1105. The fluid passages 1140 preferably haVe a cross- 

sectional shape that permits a plug, or other similar device, to be placed in the fluid 

passages 1140 to thereby block further passage of fluidic materials. In this 

manner, the interior region of the tubular member 1110 below the expandable 

5 mandrel 1105 can be fluidicly isolated from the region exterior to the tubular 

member 1105. This permits the interior region of the tubular member 1110 below 

the expandable mandrel 1105 to be pressurized. 

The fluid passages 1140 are preferably positioned along the periphery of the 

shoe 1115. The fluid passages 1140 are preferably selected to convey materials 

10 such as cement, drilling mud or epoxies at flow rates and pressures ranging from 

about 0 to 11356.2355 litres/minute (0 to 3,000 gallons/minute) and 0 to 62.52813 bar (0 

to 9,000 psi) in order to optimally fill the annular region between the tubular member 

1110 and the tubular liner 1008 with fluidic materials. In a preferred embodiment, the 

fluid passages 1140 include an inlet geometry that can receive a dart and/or a ball sealing 

member. In this manner, the fluid passages 1140 can be sealed ofTby introducing a plug, 
15 dart and/or ball sealing elements into the fluid passage 1130. In a preferred embodiment, 

the apparatus 1100 includes a plurality of fluid passage 1140. 

In an alternative embodiment, the base of the shoe 1115 includes a single 

inlet passage coupled to the fluid passages 1140 that is adapted to receive a plug, 

20 or other similar device, to permit the interior region of the tubular member 1110 

to be fluidicly isolated from the exterior of the tubular member 1110. 

. The seals 1145 are coupled to and supported by a lower end portion of the 

tubular member 1110. The seals 1145 are further positioned on an outer surface 

of the lower end portion of the tubular member 1110. The seals 1145 permit the 

25 overlapping joint between the upper end portion of the casing 1012 and the lower 

end portion of the tubular member 1110 to be fluidicly sealed. 

The seals 1145 may comprise any number of conventional commercially 

available seals such as, for example, lead, rubber, Teflon™ or epoxy seals modified 

in accordance with the teachings of the present disclosure.  In a preferred 

30 embodiment, the seals 1145 comprise seals molded from Stratalock epoxy available 

from Halliburton Energy Services in Dallas, TX in order to optimally provide a 
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nydraulic seal in the overlapping joint and optimally provide load carrying capacity 

to withstand the range of typical tensile and compressive loads. 

In a preferred embodiment, the seals 1145 are selected to optimally provide 

a sufficient frictional force to support the expanded tubular member 1110 from the 

5 tubular liner 1008- In a preferred embodiment, the frictional force provided bythe 

seals 1145 ranges from about 68.94757 to 68, 947.57 bar (1,000 to 1,000, 000 Ibf) in tension and 

compression in order to optimally support the expanded tubular member 1110. 

The support member 1150 is coupled to the expandable mandrel 1105, 

tubular member 1110, shoe 1115, and seal 1120. The support member 1150 

10 preferably comprises an annular member having sufficient strength to cany the 

apparatus 1100 into the wellbore 1000. In a preferred embodiment, the support 

member 1150 further includes one or more conventional centralizers (not 

illustrated) to help stabilize the tubular member 1110. 

In a preferred embodiment, a quantity of lubricant 1150 is provided in the 

15 pnnnlnr region above the expandable mandrel 1105 within the interior of the 

tubular member 1110. In this manner, the extrusion of the tubular member 1110 

_   off of the expandable mandrel 1105 is facilitated.  The lubricant 1150 may 

comprise any number of conventional commercially available lubricants such as, 

for example Lubriplatc™, chlorine based lubricants or Climax 1500 Antisieze (3100). 

20 In a preferred embodiment, the lubricant 1150 comprises Climax 1500 Antiseize 

(3100) available from Climax Lubricants and Equipment Co. in Houston, TX in 

order to optimally provide lubrication for the extrusion process. 

In a preferred embodiment, the support member 1150 is thoroughly cleaned 

prior to assembly to the remaining portions of the apparatus 1100. In this 

25 manner, the introduction of foreign material into the apparatus 1100 is minimized. 

This minimizes the possibility of foreign material clogging the various flow 

passages and valves of the apparatus 1100 and to ensure that no foreign material 

interferes with the expansion mandrel 1105 during the extrusion process. 

In a particularly preferred embodiment, the apparatus 1100 includes a 

30 packer 1155 coupled to the bottom section of the shoe 1115 for fluidicly isolating 

the region of the wellbore 1000 below the apparatus 1100. In this manner, fluidic 

materials are prevented from entering the region of th wellbore 1000 below the 



apparatus 1100. The packer 1155 may comprise any number of conventional 

commercially available packers such as, for example, EZ Drill Packer, EZ SV Packer 

or a driliable cement retainer. In a preferred embodiment, the packer 1155 

comprises an EZ Drill Packer available from Halliburton Energy Services in Dallas, 

5 TX. In an alternative embodiment, a high gel strength pill may be set below the tie- 

back in place of the packer 1155. In another alternative embodiment, the packer 

1155 may be omitted. 

In a preferred embodiment, before or after positioning the apparatus 1100 

within the wellbore 1100, a couple of wellbore volumes are circulated in order to 

10 ensure that no foreign materials are located within the wellbore 1000 that might 

clog up the various flow passages and valves of the apparatus 1100 and to ensure 

that no foreign material interferes with the operation of the expansion mandrel 

1105. 

As illustrated in Fig. 10c, a hardenable fluidic sealing material 1160 is then 

15 pumped from a surface location into the fluid passage 1130. The material 1160 then 

passes from the fluid passage 1130 into the interior region of the tubular member 

1110 below the expandable mandrel 1105. The material 1160 then passes from the 

interior region of the tubular member 1110 into the fluid passages 1140. The 

material 1160 then exits the apparatus 1100 and fills the annular region between the 

20 exterior of the tubular member 1110 and the interior wall of the tubular liner 1008. 

Continued pumping of the material 1160 causes the material 1160 to fill up at least 

a portion of the annular region. 

The material 1160 may be pumped into the annular region at pressures and 

flow rates ranging, for example, from about 0 to 344.73785 bar (0 to 5,000 psi) and 

25 0 to 5678.1177 litres/minute (0 to 1,500 gallons/min), respectively. In a preferred 

embodiment, the material 1160 is pumped into the annular region at pressures and 

flow rates specifically designed for the casing sizes being run, the annular spaces 

being filled, the pumping equipment available, and the properties of the fluid being 

pumped. The optimum flow rates and pressures are preferably calculated using 

30 conventional empirical methods. 
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The hardenable fluidic sealing material 1160 may comprise any number of 

conventional commercially available hardenable fluidic sealing materials such as, 

for example, slag mix, cement or epoxy.   In a preferred embodiment, the 

hardenable fluidic sealing material 1160 comprises blended cements specifically 

5 designed for well section being tied-back, available from Halliburton Energy 

Services in Dallas, TX in order to optimally provide proper support for the tubular 

member 1110 while maintaining optimum flow characteristics so as to minimize 

operational difficulties during the displacement of cement in the annular region. 

The optimum blend of the blended cements are preferably determined using 

10 conventional empirical methods. 

The annular region may be filled with the material 1160 in sufficient 

quantities to ensure that, upon radial expansion of the tubular member 1110, the 

annular region will be filled with material 1160. 

As illustrated in Fig. 1 Od, once the annular region has been adequately filled 

15 withmaterialll60,oneormoreplugsll65,oromersimilardevices,preferablyare 

introduced into the fluid passages 1140 thereby fluidicly isolating the interior region 

of the tubular member 1110 from the annular region external to the tubular member 

1110. In a preferred embodiment, a non hardenable fluidic material 1161 is then 

pumped into the interior region of the tubular member 1110 below the mandrel 

20 1105 causing the interior region to pressurize.   In a particularly preferred 

embodiment, the one or more plugs 1165, or other similar devices, are introduced 

into the fluid passage 1140 with the introduction of the non hardenable fluidic 

material. In this manner, the amount of hardenable fluidic material within the 

interior of the tubular member 1110 is minimized. 

25 As illustrated in Fig. lOe, once the interior region becomes sufficiently 

pressurized, the tubular member 1110 is extruded off of the expandable mandrel 

1105. During the extnjsion process, the expandable mandrel 1105 is raised out of 

the expanded portion of the tubular member 1110. 

The plugs 1165 are preferably placed into the fluid passages 1140 by 

30 introducing the plugs 1165 into the fluid passage 1130 at a surface location in a 

conventional manner. The plugs 1165 may comprise any number of conventional 

commercially available devices from plugging a fluid passage such as, for example, 



brass balls, plugs, rubber balls, or darts modified in accordance with the teachings of the 

present disclosure. 

In a preferred embodiment, the plugs 1165 comprise low density rubber balls. In an 

alternative embodiment, for a shoe 1105 having a common central inlet passage, the plugs 1165 

5 comprise a single latch down dart. 

After placement of the plugs 1165 in the fluid passages 1140, the non hardenable 

fluidic material 1161 is preferably pumped into the interior region of the tubular member 

1110 below the mandrel 1105 at pressures and flow rates ranging from approximately 

34.473 to 620.52813 bar (500 to 9,000 psi) and 151.4164 to 113,562.355 litres/minute (40 to 

10 30,000 gallons/min). In a preferred embodiment, after placement of the plugs 1165 in the 

fluid passages 1140, the non hardenable fluidic material 1161 is preferably pumped into the 

interior region of the tubular member 1110 below the mandrel 1105 at pressures and flow 

rates ranging from approximately 82.737 to 586.0543 bar (1200 to 8500 psi) and 151.4164 to 

4731.7648 litres/minute (40 to 1250 gallons/min) in order to optimally provide extrusion of 

15 typical tubulars. 

For typical tubular members 1110, the extrusion of the tubular member 1110 off of the 

expandable mandrel 1105 will begin when the pressure of the interior region of the tubular member 

1110 below the mandrel 1105 reaches, for example, approximately 82.737 to 586.0543 bar (1200 to 

8500 psi). In a preferred embodiment, the extrusion of the tubular member 1110 off of the 

20 expandable mandrel 1105 begins when the pressure of the interior region of the tubular member 

1110 below the mandrel 1105 reaches approximately 82.737 to 586.0543 bar (1200 to 8500 psi). 

During the extrusion process, the expandable mandrel 1105 may be raised 

out of the expanded portion of the tubular member 1110 at rates ranging, for 

example, from about 0 to 1.524 m/s (0 to 5 ft/sec). In a preferred embodiment, 

25 during the extrusion process, the expandable mandrel 1105 is raised out of the 

expanded portion of the tubular member 1110 at rates ranging from about 0 to 

0.6096 m/s (0 to 2 ft/sec) in order to optimally provide permit adjustment of 

operational parameters, and optimally ensure that the extrusion process will be 

completed before the material 1160 cures. 

30 In a preferred embodiment, at least a portion 1180 of the tubular member 

1110 has an internal diameter less than the outside diameter of the mandrel 1105. 

In this manner, when the mandrel 1105 expands the section 1180 of the tubular 

member 1110, at least a portion of the expanded section 1180 effects a seal with at 
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least the wellbore casing 1012. In a'parti'cularly preferred* embodiment, the seal is 

effected by compressing the seals 1016 between the expanded section 1180 and 

the wellbore casing 1012. In a preferred embodiment, the contact pressure of the 

joint between the expanded section 1180 of the tubular member 1110 and the 

5 casing 1012 ranges from about 34.473785 to 689.6757 bar (500 to 10,000 psi) in order 

to optimally provide pressure to activate the sealing members 1145 and provide 

optimal resistance to ensure that the joint will withstand typical extremes of tensile 

and compressive loads. 

In an alternative preferred embodiment, substantially all of the entire length 

10 of the tubular member 1110 has an Internal diameter less than the outside diameter 

of the mandrel 1105. In this manner, extrusion of the tubular member 1110 by the 

mandrel 1105 results in contact between substantially all of the expanded tubular 

member 1110 and the existing casing 1008. In a prefened embodiment, the contact 

pressure of the joint between the expanded tubular member 1110 and the casings 

15 1008 and 1012 ranges from about 34.473785 to 689.6757 bar (500 to 10,000 psi) in 

order to optimally provide pressure to activate the sealing members 1145 and 

provide optimal resistance to ensure that the joint will withstand typical extremes 

of tensile and compressive loads. 

In a prefened embodiment, the operating pressure and flow rate of the 

20 material 1161 is controllably ramped down when the expandable mandrel 1105 

reaches the upper end portion of the tubular member 1110. In this manner, the 

sudden release of pressure caused by the complete extrusion of the tubular 

member 1110 off of the expandable mandrel 1105 can be minimized. In a preferred 

embodiment, the operating pressure of the fluidic material 1161 is reduced in a 

25 substantially linear fashion from 100% to about 10% during the end of the extrusion 

process beginning when the mandrel 1105 has completed approximately all but 

about 1.524m (5 feet) of the extrusion process. 

Alternatively, or in combination, a shock absorber is provided in the support 

member 1150 in order to absorb the shock caused by the sudden release of 

30 pressure. 
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Alternatively, or in combination, a mandrel catching structure isprovided in 

the upper end portion of the tubular member 1110 in order to catch or at least 

decelerate the mandrel 1105. 

Referring to Fig. lOf, once the extrusion process is completed, the 

5 expandable mandrel 1105 is removed from the wellbore 1000. In a preferred 

embodiment, either before or after the removal of the expandable mandrel 1105, 

the integrity of the fluidic seal of the joint between the upper portion of the tubular 

member 1110 and the upper portion of the tubular liner 1108 is tested using 

conventional methods. If the fluidic seal of the joint between the upper portion of 

10 the tubular member 1110 and the upper portion of the tubular liner 1008 is 

satisfactory, then the uncured portion of the material 1160 within the expanded 

tubular member 11 lOis then removed in a conventional manner. Thematerial 1160 

within the annular region between the tubular member 1110 and the tubular liner 

1008 is then allowed to cure. 

15 As illustrated in Fig. 1 Of, preferably any remaining cured material 1160within 

the interior of the expanded tubular member 1110 is then removed in a 

conventional manner using a conventional drill string. The resulting tie-back liner 

of casing 1170 includes the expanded tubular member 1110 and an outer annular 

layer 1175 of cured material 1160. 

20 As illustrated in Fig. 10g, the remaining bottom portion of the apparatus 1100 

comprising the shoe 1115 and packer 1155 is then preferably removed by drilling 

out the shoe 1115 and packer 1155 using conventional drilling methods. 

Inaparticularlypreferred embodiment, the apparatus 1100 incorporates the 

apparatus 900. 

25 Referring now to Figs. 1 la-11 f, an embodiment of an apparatus and method 

for hanging a tubular liner off of an existing wellbore casing will now be described. 

As illustrated in Fig. 1 la,awelIbore 1200 is positioned in a subterranean formation 

1205. The wellbore 1200 includes an existing cased section 1210 having a tubular 

casing 1215 and an annular outer layer of cement 1220. 

30 In order to extend the wellbore 1200 into the subterranean formation 1205, 

a drill string 1225 is used in a well known manner to drill out material from the 

subterranean formation 1205 to form a new section 1230. 
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As illustrated in Fig. 1 lb, an apparatus 1300 for forming a wellbore casing in 

a subterranean formation is then positioned in the new section 1230 of the wellbore 

100. The apparatus 1300 preferably includes an expandable mandrel or pig 1305, 

a tubular member 1310, a shoe 1315, a fluid passage 1320, a fluid passage 1330, a 

5 fluid passage 1335, seals 1340, a support member 1345, and a wiper plug 1350. 

The expandable mandrel 1305 is coupled to and supported by the support 

member 1345. The expandable mandrel 1305 is preferably adapted to controllably 

expand in a radial direction. The expandable mandrel 1305 may comprise any 

number of conventional commercially available expandable mandrels modified in 

10 accordance with the teachings of the present disclosure. In a preferred 

embodiment, the expandable mandrel 1305 comprises a hydraulic expansion tool 

substantially as disclosed in U.S. Pat. No. 5,348,095, the disclosure of which is 

incorporated herein by reference, modified in accordance with the teachings of the 

present disclosure. 

15 The tubular member 1310 is coupled to and supported by the expandable mandrel 

1305. The tubular member 1310 is preferably expanded in the radial direction and extruded 

off of the expandable mandrel 1305, The tubularmember 1310 maybe fabricated from any 

number of materials such as, for example, Oilfield Country Tubular Goods (OCTG), 13 

chromium steel tubing/casing or plastic casing. In a preferred embodiment, the tubular 

20 member 1310 is fabricated from OCTG. The inner and outer diameters of the tubular 

member 1310 may range, for example, from approximately 1.905 to 119.38 cms (0.75 to47 

inches) and 2.667 to 121.92 cms (1.05 to 48 inches), respectively. In a preferred 

embodiment, the inner and outer diameters of the tubular member 1310 range from about 

7.62 to 39.37 cms (3 to 15.5 inches) and 8.89 to 40.64 cms (3.5 to 16 inches), respectively 

25 in order to optimally provide minimal telescoping effect in the most commonly 

encountered wellbore sizes. 

In a preferred embodiment, the tubular member 1310 includes an upper portion 

1355, an intermediate portion 1360, and a lower portion 1365. In a preferred embodiment, 

the wall thickness and outer diameter of the upper portion 1355 of the tubular member 

30 1310 range from about 0.375 to 3.81 cms (3/8 to 1 M inches) and 8.89 to 40.64 cms (3 K to 

16 inches), respectively. In a preferred embodiment, the wall thickness and outer 

diameter of the intermediate portion 1360 of the tubular member 1310 range from about 
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1.5825 to 1.905 cms (0.625 to 0.75 inches) and 7.62 to 48.26 cms (3 to 19 inches), 

respectively. In a preferred embodiment, the wall thickness and outer diameter 

of the lower portion 1365 of the tubular member 1310 range from about 0.375 to 

3.81 cms (3/8 to 1.5 inches) and 8.89 to 40.64 (3.5 to 16 inches), respectively. 

5 In a particularly preferred embodiment, the wall thickness of the 

intermediate section 1360 of the tubular member 1310 is less than or equal to the 

wall thickness of the upper and lower sections, 1355 and 1365, of the tubular 

member 1310 in order to optimally faciliate the initiation of the extrusion process 

and optimally permit the placement of the apparatus in areas of the weUbore having 

10 tight clearances. 

The tubular member 1310 preferably comprises a solid member. In a 

preferred embodiment, the upper end portion 1355 of the tubular member 1310 is 

slotted, perforated, or otherwise modified to catch or slow down the mandrel 1305 

when it completes the extrusion of tubular member 1310.   In a preferred 

15 embodiment, the length of the tubular member 1310 is limited to minimize the 

possibility of buckling. For typical tubular member 1310 materials, the length of the 

tubular member 1310 is preferably limited to between about 40 to 20,000 feet in 

length. 

The shoe 1315 is coupled to the tubular member 1310. The shoe 1315 

20 preferably includes fluid passages 1330 and 1335. The shoe 1315 may comprise any 

number of conventional commercially available shoes such as, for example, Super 

Seal II float shoe, Super Seed II Down-Jet float shoe or guide shoe with a sealing 

sleeve for a latch-down plug modified in accordance with the teachings of the 

present disclosure* In a preferred embodiment, the shoe 1315 comprises an 

25 aluminum down-jet guide shoe with a sealing sleeve for a latch-down plug available 

from Halliburton Energy Services in Dallas, TX, modified in accordance with the 

teachings of the present disclosure, in order to optimally guide the tubular member 

1310 into the wellbore 1200, optimally fluidicly isolate the interior of the tubular 

member 1310, and optimally permit the complete drill out of the shoe 1315 upon 

30 the completion of the extrusion and cementing operations. 

In a preferred embodiment, the shoe 1315 further includes one or more sid 

outlet ports in fluidic communication with the fluid passage 1330. In this mann r, 

the shoe 1315 preferably injects hardenable fluidic sealing materia] into the region 



outside the shoe 1315 and tubular member 1310. In a preferred embodiment, the 

shoe 1315 includes the fluid passage 1330 having an inlet geometry that can receive 

a fluidic seeding member. In this manner, the fluid passage 1330 can be sealed off 

by introducing a plug, dart and/or ball sealing elements into the fluid passage 1330. 

5 The fluid passage 1320 permits fluidic materials to be transported to and from 

the interior region of the tubular member 1310 below the expandable mandrel 1305. 

The fluid passage 1320 is coupled to and positioned within the support member 

1345 and the expandable mandrel 1305. The fluid passage 1320 preferably extends 

from a position adjacent to the surface to the bottom of the expandable mandrel 

10 1305. The fluid passage 1320 is preferably positioned along a centeriine of the 

apparatus 1300. The fluid passage 1320 is preferably selected to transport materials 

such as cement, drilling mud, or epoxies at flow rates and pressures ranging from 

about 0 to 11356.2355 litres/minute (0 to 3,000 gallons/minute) and 0 to 620.52813 

bar (0 to 9,000 psi) in order to optimally provide sufficient operating pressures to 

15 circulate fluids at operationally efficient rates. 

The fluid passage 1330permits fluidic materials to be transported to and from 

the region exterior to the tubular member 1310 and shoe 1315. The fluid passage 

1330 is coupled to and positioned within the shoe 1315 in fluidic communication 

with the interior region 1370 of the tubular member 1310 below the expandable 

20 mandrel 1305. The fluid passage 1330 preferably has a cross-sectional shape that 

permits a plug, or other similar device, to be placed in fluid passage 1330 to thereby 

block further passage of fluidic materials. In this manner, the interior region 1370 

of the tubular member 1310 below the expandable mandrel 1305 can be fluidlciy 

isolated from the region exterior to the tubular member 1310. This permits the 

25 interior region 1370 of the tubular member 1310 below the expandable mandrel 

1305 to be pressurized. The fluid passage 1330 is preferably positioned substantially 

along the centeriine of the apparatus 1300. 

The fluid passage 1330 is preferably selected to convey materials such as 

cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 

30 to 11356.2355 litres/minute (0 to 3,000 gallons/minute) and 0 to 620.52813 bar (0 to 

9,000 psi) in order to optimally fill the annular region between the tubular member 

1310 and the new section 1230 of the wellbore 1200 with fluidic materials. In a 

preferred embodiment, the fluid passage 1330 
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includes an inlet geometry that can receive a dart and/or a ball sealing member. 

In this manner, the fluid passage 1330 can be sealed off by introducing a plug, dart 

and/or ball sealing elements into the fluid passage 1320. 

The fluid passage 1335 permits fluidic materials to be transported to and from the 

5 region exterior to the tubular member 1310 and shoe 1315. The fluid passage 1335 is 

coupled to and positioned within the shoe 1315 in fluidic communication with the fluid 

passage 1330. The fluid passage 1335 is preferably positioned substantially along the 

centerline of the apparatus 1300. The fluid passage 1335 is preferably selected to convey 

materials such as cement, drilling mud or epoxies at flow rates and pressures ranging from 

10 aboutOto 11356.2355Utms/minute^^ 

9,000 psi) in order to optimally fill the annular region between the tubular member 1310 

and the new section 1230 of the wellbore 1200 with fluidic materials. 

The seals 1340 are coupled to and supported by the upper end portion 1355 

of the tubular member 1310. The seals 1340 are further positioned on an outer 

15 surfaceoftheupperendportlonl355ofthetubularmemberl310. Thesealsl340 

permit the overlapping joint between the lower end portion of the casing 1215 and 

the upper portion 1355 of the tubular member 1310 to be fluidicly sealed. Theseals 

1340 may comprise any number of conventional commercially available seals such 

as, for example, lead, rubber, Teflon™, or epoxy seals modified in accordance with 

20 the teachings of the present disclosure. In a preferred embodiment, theseals 1340 

comprise seals molded from Stratalock epoxy available from Halliburton Energy 

Services in Dallas, TX in order to optimally provide a hydraulic seal in the annulus 

of the overlapping joint while also creating optimal load bearing capability to 

withstand typical tensile and compressive loads. 

25 In a preferred embodiment, the seals 1340 are selected to optimally provide 

a sufficient frictional force to support the expanded tubular member 1310 from the 

existing casing 1215. In a preferred embodiment, the frictional force provided by 

the seals 1340 ranges from about 68.94757 to 68,947.57 bar (1,000 to 1,000,000 lbf) 

in order to optimally support the expanded tubular member 1310. 

30 The support member 1345 is coupled to the expandable mandrel 1305, tubular 

member 1310, shoe 1315, and seals 1340. The support member 1345 preferably comprises 

an annular member having sufficient strength to cany the apparatus 1300 into the new 

section 1230 of the wellbore 1200. In a preferred 
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embodiment, the support member 1345 further includes one or more conventional 

centralizers (not illustrated) to help stabilize the tubular member 1310. 

In a preferred embodiment, the support member 1345 is thoroughly cleaned 

prior to assembly to the remaining portions of the apparatus 1300. In this manner, 

5 the introduction of foreign material into the apparatus 1300 is minimized. This 

minimizes the possibility of foreign material clogging the various flow passages and 

valves of the apparatus 1300 and to ensure that no foreign material interferes with 

the expansion process. 

The wiper plug 1350 is coupled to the mandrel 1305 within the interior region 

10 1370 of the tubular member 1310. The wiper plug 1350 includes a fluid passage 

1375 that is coupled to the fluid passage 1320. The wiper plug 1350 may comprise 

one or more conventional commercially available wiper plugs such as, for example, 

Multiple Stage Cementer latch-down plugs, Omega latch-down plugs or three-wiper 

latch-down plug modified in accordance with the teachings of the present 

15 disclosure. In a preferred embodiment, the wiper plug 1350 comprises a Multiple 

Stage Cementer latch-down plug available from Halliburton Energy Services in 

Dallas, TX modified in a conventional manner for releasable attachment to the 

expansion mandrel 1305. 

In a preferred embodiment, before or after positioning the apparatus 1300 

20 within the new section 1230 of the wellbore 1200, a couple of wellbore volumes are 

circulated in order to ensure that no foreign materials are located within the 

wellbore 1200 that might clog up the various flow passages and valves of the 

apparatus 1300 and to ensure that no foreign material interferes with the extrusion 

process. 

25 As illustrated in Fig. 1 lc, a hardenable fluidic sealing material 1380 is then 

pumped from a surface location into the fluid passage 1320. The material 1380 then 

passes from the fluid passage 1320, through the fluid passage 1375, and into the 

interior region 1370 of the tubular member 1310 below the expandable mandrel 

1305. The material 1380 then passes from the interior region 1370 into the fluid 

30 passage 1330. The material 1380 then exits the apparatus 1300 via the fluid passage 

1335 and fills the annular region 1390 between the exterior of the tubular member 

1310 and the interior wall of the new section 1230 of the wellbore 1200. Continued 
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pumping of the material 1380 causes the material 13$6to fill up at least a portion 

of the annular region 1390. 

The material 1380 may be pumped into the annular region 1390 at pressures 

and flow rates ranging, for example, from about 0 to 344.73785 bar (0 to 5000 psi) 

5 and 0 to 5678.1177 litres/minute (0 to 1,500 gallons/min), respectively. In a 

preferred embodiment, the material 1380 is pumped into the annular region 1390 

at pressures and flow rates ranging from about 0 to 344.73785 bar (0 to 5000 psi) 

and 0 to 5678.1177 litres/minute (0 to 1,500 gallons/min), respectively, in order to 

optimally fill the annular region between the tubular member 1310 and the new 

10 section 1230ofthe wellbore 1200 with the hardenable fluidic sealing material 1380. 

The hardenable fluidic sealing material 1380 may comprise any number of 

conventional commercially available hardenable fluidic sealing materials such as, 

for example, slag mix, cement or epoxy.   In a preferred embodiment, the 

hardenable fluidic sealing material 1380 comprises blended cements designed 

15 specificaJly for the weU section being drilled and available from Halliburton Energy 

Services in order to optimally provide support for the tubular member 1310during 

displacement of the material 1380 in the annular region 1390. The optimum blend 

of the cement is preferably determined using conventional empirical methods. 

Theannularregion 1390 preferablyis filled with the material 1380 in sufficient 

20 quantities to ensure that, upon radial expansion of the tubular member 1310, the 

annular region 1390of the new section 1230 of the wellbore 1200 will be filled with 

material 1380. 

As iDustrated in Fig. 1 Id, once the annular region 1390 has been adequately 

filled with material 1380, a wiper dart 1395, or other similar device, is introduced 

25 into the fluid passage 1320. The wiper dart 1395 is preferably pumped through the 

fluid passage 1320 by anon hardenable fluidic material 1381. The wiper dart 1395 

then preferably engages the wiper plug 1350. 

As illustrated in Fig. 1 le, in a preferred embodiment, engagement of the 

wiper dart 1395 with the wiper plug 1350 causes the wiper plug 1350 to decouple 

30 from the mandrel 1305. The wiper dart 1395 and wiper plug 1350 then preferably 

will lodge in the fluid passage 1330, thereby blocking fluid flow through the fluid 



passage 1330, and fluidicly isolating the mterior'region 1370 of the tubular 

member 1310 from the annular region 1390. In a preferred embodiment, the non 

hardenable fluidic material 1381 is then pumped into the interior region 1370 

causing the interior region 1370 to pressurize. Once the interior region 1370 

5 becomes sufficiently pressurized, the tubular member 1310 is extruded off of the 

expandable mandrel 1305. During the extrusion process, the expandable mandrel 

1305 is raised out of the expanded portion of the tubular member 1310 by the 

support member 1345. 

The wiper dart 1395 is preferably placed into the fluid passage 1320 by 

10 introducing the wiper dart 1395 into the fluid passage 1320 at a surface location 

in a conventional manner. The wiper dart 1395 may comprise any number of 

conventional commercially available devices from plugging a fluid passage such as, 

for example, Multiple Stage Cementer latch-down plugs, Omega latch-down plugs 

or three wiper latch-down plug/dart modified in accordance with the teachings of 

16 the present disclosure. In a preferred embodiment, the wiper dart 1395 comprises 

a three wiper latch-down plug modified to latch and seal in the Multiple Stage 

Cementer latch down plug 1350. The three wiper latch-down plug is available 

"~      from Halliburton Energy Services in Dallas, TX. 

After blocking the fluid passage 1330 using the wiper plug 1330 and wiper 

20 dart 1395, the non hardenable fluidic material 1381 may be pumped into the 

interior region 1370 at pressures and flow rates ranging, for example, from 

appmximately 0 to 344.73785 bar (0 to 5000 psi) and 0 to 5678.1177 litres/minute (0 to 

1500 gaUons/min) in order to optimally extrude the tubular member 1310 off of the 

mandrel 1305. In this manner, the amount of hardenable fluidic material within the 

25 mtenor ofthe tubular member 1310 is minimized. 

hi a preferred embodiment, after blocking the fluid passage 1330, the non hardenable 

fluadic material 1381 is preferably pumped into the interior region 1370 at pressures and flow 

rates ranging from approximately 34.473 to 620.52813 bar (500 to 9,000 psi) and 1514164 to 

11356.2355 litres/minute (40 to 3,000 gaHons/min) in order to optimally provide operating 

pressures to maintain the expansion process at rates sufficient to permit adjustments to be made 

30 » operating parameters during the extrusion process. 



For typical tubular members i 310, the extrusion of the tubular member 1310 

off of the expandable mandrel 1305 will begin when the pressure of the interior 

region 1370 reaches, for example, approximately 34.473 to 620.52813 bar (500 to 

9,000 psi). In a preferred embodiment, the extrusion of the tubular member 1310 

5 off of the expandable mandrel 1305 is a function of the tubular member diameter, 

wall thickness of the tubular member, geometry of the mandrel, the type of 

lubricant, the composition of the shoe and tubular member, and the yield strength 

of the tubular member. The optimum flow rate and operating pressures are 

preferably determined using conventional empirical methods. 

10 During the extrusion process, the expandable mandrel 1305 may be raised out of 

the expanded portion of the tubular member 1310 at rates ranging, for example, from about 

0 to 1.524 m/s (0 to 5 ft/sec). In a preferred embodiment, during the extrusion process, the 

expandable mandrel 1305 may be raised out of the expanded portion of the tubular 

member 1310at rates ranging from about 0 to 0.6096m/s ( 0 to 2 ft/sec) in order to optimally 

15 provide an efflcientprocess, optimalfypermit operator adjustment of operation parameters, 

and ensure optimal completion of the extrusion process before curing of the material 1380. 

When the upper end portion 1355 of the tubular member 1310is extruded off of the 

expandable mandrel 1305, the outer surface of the upper end portion 1355 of the tubular 

member 1310 wiD preferably contact the interior surface of the lower end portion of the 

20 casing 1215 to form an fluid tight overlapping joint. The contact pressure of the overlapping 

joint may range, for example, from approximately 3.447379 to 1,278.9514 bar (50 to 20,000 

psi). In a preferred embodiment, the contact pressure of the overlapping joint ranges from 

approximately 27.579028 to 689.4757 bar (400 to 10,000 psi) in order to optimally provide 

contact pressure sufficient to ensure annular sealing and provide enough resistance to 

25 withstand typical tensile and compressive loads. In a particularly preferred embodiment, 

the sealing members 1340 will ensure an adequate fluidic and gaseous seal in the 

overlapping joint. 

In a preferred embodiment, the operating pressure and flow rate of the non 

hardenable fluidic material 1381 is controUably ramped down when the expandable 

30 mandrel 1305 reaches the upper end portion 1355 of the tubular member 1310. In this 

manner, the sudden release of pressure caused by the complete extrusion of the tubular 

member 1310 off of the expandable mandrel 1305 can be minimized. In a preferred 

embodiment, the operating pressure is reduced in a substantially linear fashion from 100% 

to about 10% during the end of the extrusion process beginning when the mandrel 1305 has 

35 c mpleted approximately ail but about 1.524m (5 feet) of the extrusion process. 
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Alternatively, or in combination, a shock absorber is provided in the support 

member 1345 in order to absorb the shock caused by the sudden release of 

pressure. 

Alternatively, or in combination, a mandrel catching structure is provided in 

5 the upper end portion 1355 of the tubular member 1310 in order to catch or at least 

decelerate the mandrel 1305. 

Once the extrusion process is completed, the expandable mandrel 1305 is 

removed from the wellbore 1200. In a preferred embodiment, either before or after 

the removal of the expandable mandrel 1305, the integrity of the fluidic seal of the 

10 overlapping joint between the upper portion 1355 of the tubular member 1310 and 

the lower portion of the casing 1215 is tested using conventional methods. If the 

fluidic seal of the overlapping joint between the upper portion 1355 of the tubular 

member 1310 and the lower portion of the casing 1215 is satisfactory, then the 

uncured portion of the material 1380 within the expanded tubular member 1310is 

15 then removed in a conventional manner. The material 1380 within the annular 

region 1390 is then allowed to cure. 

As illustrated in Fig. 11 f, preferably any remaining cured material 1380 within 

the interior of the expanded tubular member 1310 is then removed in a 

conventional manner using a conventional drill string. The resulting new section 

20 of casing 1400 includes the expanded tubular member 1310 and an outer annular 

layer 1405 of cured material 305. The bottom portion of the apparatus 1300 

comprising the shoe 1315 may then be removed by drilling out the shoe 1315 using 

conventional drilling methods. 

A method of creating a casing in a borehole located in a subterranean 

25 formation has been described that includes installing a tubular liner and a mandrel 

in the borehole. A body of fluidic material is then injected into the borehole. The 

tubular liner is then radially expanded by extruding the liner off of the mandrel. The 

injecting preferably includes injecting a hardenable fluidic sealing material into an 

annular region located between the borehole and the exterior of the tubular liner; 

30 and a non hardenable fluidic material into an interior region of the tubular liner 



below the mandrel. The method preferably inCludes'fluidicly isolating the annular 

region from the interior region before injecting the second quantity of the non 

hardenable sealing material into the interior region. The injecting the hardenable 

fluidic sealing material is preferably provided at operating pressures and flow rates 

5 ranging from about 0 to 344.73785 bar (0 to 5000 psi) and 0 to 567.1177 litres/minute 

(0 to 1,500 gallons/min). The injecting of the non hardenable fluidic material is 

preferably provided at operating pressures and flow rates ranging from about34.473 

to 620.52813 bar (500 to 9000 psi) and 151.4164 to 11356.2355 litres/minute (40 to 

3,000 gallons/min).  The injecting of the non hardenable fluidic material is 

10 preferably provided at reduced operating pressures and flow rates during an end 

portion of the extruding. The non hardenable fluidic material is preferably injected 

below the mandrel. The method preferably includes pressurizing a region of the 

tubular liner below the mandrel. The region of the tubular liner below the mandrel 

is preferably pressurized to pressures ranging from about 34.473 to 620.52813 bar 

15 (500 to 9,000 psi). The method preferably includes fluidicly isolating an interior 

region of the tubular liner from an exterior region of the tubular liner. The method 

further preferably includes curing the hardenable sealing material, and removing 

at least a portion of the cured sealing material located within the tubular liner. The 

method further preferably includes overlapping the tubular liner with an existing 

20 wellbore casing. The method further preferably includes sealing the overlap 

between the tubular liner and the existing wellbore casing. The method further 

preferably includes supporting the extruded tubular liner using the overlap with the 

existing wellbore casing. The method further preferably includes testing the 

integrity of the seal in the overlap between the tubular liner and the existing 

25 wellbore casing. The method further preferably includes removing at least a portion 

of the hardenable fluidic sealing material within the tubular liner before curing. The 

method further preferably includes lubricating the surface of the mandrel. The 

method further preferably includes absorbing shock. The method further preferably 

includes catching the mandrel upon the completion of the extruding. 

30 



( An apparatus for creating acJdsirig in a borehole located in a subterranean 

formation has been described that includes a support member, a mandrel, a 

~        tubular member, and a shoe. The support member includes a first fluid passage. 

The mandrel is coupled to the support member and includes a second fluid passage. 

5 The tubular member is coupled to the mandrel. The shoe is coupled to the tubular 

liner and includes a third fluid passage. The first, second and third fluid passages 

are operably coupled. The support member preferably farther includes a pressure 

relief passage, and a flow control valve coupled to the first fluid passage and the 

pressure relief passage. The support member further preferably includes a shock 

10 absorber. The support member preferably includes one or more sealing members 

adapted to prevent foreign material from entering an interior region of the tubular 

member.   The mandrel is preferably expandable.  The tubular member is 

preferably fabricated from materials selected from the group consisting of Oilfield 

Country Tubular Goods, 13 chromium steel tubing/casing, and plastic casing. The 

15 tubular member preferably has inner and outer diameters ranging from about 7.62 to*39.37 cms (3 to 15.5 

inches) and 8.89 to 4(h64 cms (3.5 to 16 inches), respectively. The tubular member preferably has a plastic 

yield point ranging from about 275.9028 to 9307.92195 bar (40,000 to 135,000 psi). The tubular 

member preferably includes one or more sealing members at an end portion. The 

tubular member preferably includes one or more pressure relief holes at an end 

20 portion. The tubular member preferably includes a catching member at an end 

portion for slowing down the mandrel. The shoe preferably includes an inlet port 

coupled to the third fluid passage, the inlet port adapted to receive a plug for 

blocking the inlet port. The shoe preferably is drillable. 

A method of joining a second tubular member to a first tubular member, the 

25 first tubular member having an inner diameter greater than an outer diameter of 

the second tubular member, has been described that includes positioning a 

mandrel within an interior region of the second tubular member, positioning the 

first and second tubular members in an overlapping relationship, pressurizing a 

portion of the interior region of the second tubular member; and extruding the 

30 second tubular member off of the mandrel into engagement with the first tubular 

member. The pressurizing of the portion of the interior region of the second 

—   tubular member is preferably provided at operating pressures ranging from about 
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(       34.473 to 620.52813 bar (500 to 9,000 psi). T^preksuriziiig of tflc portidn of the interior region of the 

s cond tubular member is preferably provided at reduced operating pressures 

during a latter portion of the extruding. The method further preferably includes 

sealing the overlap between the first and second tubular members. The method 

5 further preferably includes supporting the extruded first tubular member using 

the overlap with the second tubular member. The method further preferably 

includes lubricating the surface of the mandrel. The method further preferably 

includes absorbing shock. 

A liner for use in creating a new section of wellbore casing in a subterranean 

10 formation adjacent to an already existing section of wellbore casing has been 

described that includes an annular member. The annular member includes one or 

more sealing members at an end portion of the annular member, and one or more 

pressure relief passages at an end portion of the annular member. 

A wellbore casing has been described that includes a tubular liner and an 

15 annular body of a cured fluidic sealing material. The tubular liner is formed by the 

process of extruding the tubular liner off of a mandrel. The tubular liner is 

preferably formed by the process of placing the tubular liner and mandrel within 

the wellbore, and pressurizing an interior portion of the tubular liner. The 

annular body of the cured fluidic sealing material is preferably formed by the 

20 process of injecting a body of hardenable fluidic sealing material into an annular 

region external of the tubular liner. During the pressurizing, the interior portion 

of the tubular liner is preferably fluidicly isolated from an exterior portion of the 

tubular liner. The interior portion of the tubular liner is preferably pressurized 

to pressures ranging from about 34.473 to 620.52813 bar (500 to 9,000 psi). The tubular liner preferably 

25 overlaps with an existing wellbore casing. The wellbore casing preferably further 

includes a seal positioned in the overlap between the tubular liner and the existing 

wellbore casing.  Tubular liner is preferably supported the overlap with the 

existing wellbore casing. 

A method of repairing an existing Bection of a wellbore casing within a 

30 borehole has been described that includes installing a tubular liner and a mandrel 

within the wellbore casing, iiy ecting a body of a fluidic material into the borehole, 

pressurizing a portion of an interior region of the tubular liner, and radially 



( expanding the liner in the bor hole by extruding the liner off of the mandrel. In 

a preferred embodiment, the fluidic material is selected from the group consisting 

of slag mix, cement, drilling mud, and epoxy. In a preferred embodiment, th 

method further includes fluidicly isolating an interior region of the tubular liner 

5 from an exterior region of the tubular liner. In a preferred embodiment, the 

injecting of the body of fluidic material is provided at operating pressures and flow 

rates ranging from about 34.473 to 620.52813 bar (500 to 9,000 psi) and 351.4164 to 113562.355 

litres/minute (40 to 3,000 gallons/min). In a preferred embodiment, the injecting of the body of fluidic 

materia] is provided at reduced operating pressures and flow rates during an end portion of the extruding. 

10 In a preferred embodiment, the fluidic material is injected below the mandrel. In 

a preferred embodiment, a region of the tubular liner below the mandrel is 

pressurized. In a preferred embodiment, the region of the tubular liner below the 

mandrel is pressurized to pressures ranging from about 34.473 to 620.52S13 bar (500 to 9,000 psi). In a 

preferred embodiment, the method further includes overlapping the tubular liner 

15 with the existing wellbore casing. In a preferred embodiment, the method further 

includes sealing the interface between the tubular liner and the existing wellbore 

casing. In a preferred embodiment, the method further includes supporting the 

extruded tubular liner using the existing wellbore casing.   In a preferred 

embodiment, the method further includes testing the integrity of the seal in the 

20 interface between the tubular liner and the existing wellbore casing.  In a 

preferred embodiment, method further includes lubricating the surface of the 

mandrel. In a preferred embodiment, the method further includes absorbing 

shock. In a preferred embodiment, the method further includes catching the 

mandrel upon the completion of the extruding. In a preferred embodiment, the 

25 method further includes expanding the mandrel in a radial direction. 

A tie-back liner for lining an existing wellbore casing has been described 

that includes a tubular liner and an annular body of a cured fluidic sealing 

material. The tubular liner is formed by the process of extruding the tubular liner 

off of a mandrel. The annular body of a cured fluidic sealing material is coupled 

30 to the tubular liner. In a preferred embodiment, the tubular liner is formed by the 

process of placing the tubular liner and mandrel within the wellbore, and 

.   pressurizing an interior portion of the tubular liner. In a preferred embodiment, 



during the pressurizing, the interior portion of the tubular liner is fluidicly isolated 

from an exterior portion of the tubularliner. In a preferred embodiment, the interior 

portion of the tubular liner is pressurized at pressures ranging from about 34.473 to 

620.52813 bar (500 to 9,000 psi). In a preferred embodiment, the annular body of 

5 a cured fluidic sealing material is formed by the process of injecting a body of 

hardenable fluidic sealing material into an annular region between the existing 

wellbore casing and the tubular liner. In a preferred embodiment, the tubular liner 

overlaps with another existing wellbore casing. In a preferred embodiment, the tie- 

back liner further includes a seal positioned in the overlap between the tubular liner 

10 and the other existing wellbore casing. In a prefeired embodiment, tubular liner is 

supported by the overlap with the other existing wellbore casing. 

An apparatus for expanding a tubular member has been described that 

includes a support member, a mandrel, a tubular member, and a shoe. The 

support member includes a first fluid passage. The mandrel is coupled to the 

15 support member. The mandrel includes a second fluid passage operably coupled 

to the first fluid passage, an interior portion, and an exterior portion. The interior 

portion of the mandrel is drillable. The tubular member is coupled to the mandrel. 

The shoe is coupled to the tubular member. The shoe includes a third fluid passage 

operably coupled to the second fluid passage, an interior portion, and an exterior 

20 portion. The interior portion of the shoe is drillable. Preferably, the interior portion 

of the mandrel includes a tubular member and a load bearing member. Preferably, 

the load bearing member comprises a drillable body. Preferably, the interior 

portion of the shoe includes a tubular member, and a load bearing member. 

Preferably, the load bearing member comprises a drillable body. Preferably, the 

exterior portion of the mandrel comprises an expansion cone. Preferably, the 

expansion cone is fabricated from materials selected from the group consisting of 

tool steel, titanium, and ceramic. Preferably, the expansion cone has a surface 

hardness ranging from about 58 to 62 Rockwell C. Preferably at least a portion of 

the apparatus is drillable. 

Although illustrative embodiments of the invention have been shown and 

described, a wide range of modification, changes and substitution is contemplated 

in the foregoing disclosure. In some instances, some features of the present 

invention may be employed without a corresponding use of the other features. 



Accordingly, it is appropriate that the appended claims be construed broadly and 

in a manner consistent with the scope of the invention. 
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CLAIMS 

1.      A tubular liner, comprising: 

a first tubular portion having a first inside 

5 diameter; 

a second tubular portion having a second inside 

diameter; 

an intermediate tapered tubular portion for 

coupling the first and second tubular portions to each 

10    other; and 

one or more sealing members coupled to the 

exterior surface of at least one of the tubular 

portions; 

wherein the first inside diameter is greater than 

15    the second inside diameter and 

wherein at least one of the first and second 

tubular portions define one or more pressure relief 

passages. 

20    2.     The liner of claim 1, wherein the tubular liner is 

fabricated from materials selected from the group 

consisting of: 

automotive grade steel, plastic, and chromium 

steel. 

25 

3. The liner of claim 1, wherein the tubular liner 

includes an outer diameter and a wall thickness ranging 

from 8.89 cms to 48.26  (3.5 to 19 inches) and 0.3175 to 

3.175 cms  (1/8 to 1.25 inches), respectively. 

30 

4. The liner of claim l, wherein the length of the 

liner ranges from 12.192 to 6.096 m (40 to 20,000 

feet). 

35    5.      The liner of claim 1, wherein the wall thickness 

and outside diameter of the second tubular portion 

fcfb 



ranges from 0.375 to 3.81 cms (3/8 to 1.5 inches) and 

8.89 to 40.64 cms  (3.5 to 16 inches), respectively. 

6. The liner of claim 1, wherein the wall thickness 

and outside diameter of the tapered tubular portion 

ranges from 0.3175 to 3.175 cms  (1/8 to 1.25 inches) 

and 8.89 to 48.26 cms  (3.5 to 19 inches), respectively. 

7. The liner of claim 1, wherein the wall thickness 

and outside diameter of the first tubular portion 

ranges from 0.3175 to 3.175 cms  (1/8 to 1.25 inches) 

and 8.89 to 48.26 cms  (3.5 to 19 inches), respectively. 

8. The liner of claim 1, wherein the first tubular 

portion has a first wall thickness; 

wherein the second tubular portion has a second 

wall thickness; and wherein the first wall thickness is 

less than the second wall thickness. 

9. The liner of claim 1, wherein the second tubular 

portion includes one or more radial passages. 

10. A tubular liner, comprising: 

a first tubular portion having a first inside 

diameter; 

a second tubular portion coupled to the first 

tubular portion having a second inside diameter; and 

a third tubular portion coupled to the second 

tubular portion having a third inside diameter; 

wherein the first and third inside diameters are 

both greater than the second inside diameter; 

wherein the second tubular portion includes one or 

more external sealing elements; and 

wherein at least one of the first and third 

tubular members define one or more pressure relief 

passages. 



11. The liner of claim 10, wherein the first tubular 

portion has a first wall thickness; 

wherein the second tubular portion has a second 

wall thickness; 

wherein the third tubular portion has a third wall 

thickness; and 

wherein the first and third wall thicknesses are 

both less than the second wall thickness. 

12. The liner of claim 10, wherein the first and third 

tubular portions each include one or more radial 

passages. 

13. The liner of claim 1, wherein an end of the second 

tubular portion comprises one or more slots. 

14. The liner of claim 1, wherein an end of the second 

tubular portion comprises one or more perforations. 

15. The liner of claim 8, wherein the intermediate 

tapered tubular portion includes an intermediate wall 

thi cknes s; and 

wherein the intermediate wall thickness is less 

than the second wall thickness. 

16. The liner of claim 10, wherein an end of the first 

tubular portion comprises one or more slots. 

17. The liner of claim 10, wherein an end of the first 

tubular portion comprises one or more perforations. 

18. The liner of claim 10, wherein the first inside 

diameter is greater than both the second and third 

inside diameters. 

lO 


